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Tepoxalin, a dual 5-lipoxy#eMiKe and cyclooxygen- 
asa inhibitor with nonsteroidal antiinflammatory cf- 
focta, hits recently been «hown to .suppress NTkB 
transacUvritirm and inhibit T eell proliferation via a 
mechanism very different frfim cycloserine (C&A), In 
this i^>orit wo demonstrate that this novel irrmumo- 
Kuppre^we effect of tcpoxjtlin is manifested in in vivo 
trftrv-plAniation models. Tepoxalin t*upincssed murine 
wpl^citi cell proliferation in a mixed lymphocyte reac- 
tion (AM /ft.) with an lC ft0 of 1,3 fiM, Cond ministration of 
tepoxalin and ChX in MLU cultures showed an addi- 
tive inhibitory effect. Oral adminU I nitioti of (fipo^alin 
at 12 mg/kg/dny to m\cc suppressed local graft-versus- 
host (GVH) responses by about 40% (n -30). Combina- 
tion of tepoxalin and CsA at .subopttnxal doses syner- 
fe'ia-.od their immunosuppressive effects on GVH 
respond (o=20). In skin transplantation* the median 
survival time of allogeneic UAIJl/cByJ (H-2' 1 ) mouse 
<hh\ grafted onto C3H/lleJ (H-2 k ) mice was 10,5 days 
(u«E)\ and was prolonged to 15,0 <l»ys (n=d) for recip- 
ient illicit administered tepoxalin fit 50 mg/kg/day. Co- 
administration of suboutimal doses of tepoxalin (I2.f> 
ing/kgAl&y) and CsA (50 mg/kg/duy) prolonged skin 
graft rejections dramatically (55% of the grafts sur- 
vived for more than 40 days* n-9). Taken together, 
rlieae results demonstrate that tepoxalin is a potent 
iunn* u n^mo dulu lory compound that, when combined 
with CsA, provides synergistic inuminosuppressWe ac- 
tivity. Tbe fact that tapoxalin. and CsA act on different 
it ^seription factors, NFkH and Nf AT respectively, 
might explain the synergistic suppressive effects 
wliejfi both compounds were used. Tepoxalin could be 
an important addition to the cohort of immunosup- 
pressive therapies currently used in solid or^wn and 
bone marrow transplantations. 

'Hio immune response in transplantation, which results in 
tf/aft rejection and graft-vtjrsuft-host (GVH) * response, is pri- 
marily triggered by T cylls through recognition of alloanti- 
f.f0i;:j (1-1). Suppression of immune response could be 
«c>iiw?d vsm% agents interfering with T c.:ll activation and 
lifTec tor functions. The use of cyclo^ponnc (CsA) as an immu- 
nftjiipprcii.sitnt in transplantation has boon documented (5, 
til CsA inhibits T cell acLivation by iii) i il>i tinj^: Ihfi nuckar 
translocation of the nuclear factor NFAT (7, $). However, 
CsA has WHOciatcd toxicities and side eftocts when used at 

* Addctf.jfl corveflpotiitonei to IV, Wui-Ping r\u»c-T-fiun£, The UAV. 
iJohtvwt Phnntiacoutical Re.*c>ur<-h In$litu 3£>33 GvnorM Atftmica 
(>uiri t Suite 100, 5inn Di^o, Cidifiwroa 92121. 

*' AbWvialinnfi: CsA, cyclosporin*:; CO, cyclnoxygcuufi; GVH, 
*n-i s f i - v« run ^* ho^t: 1,0, 5-limW(Tcnos«; MLH, inued lymphocyte re- 



Iborapcutic dosor, (9). Compounds that suppress T ccll-me- 
diatcd immune response with mechanisms different from 
that of CsA will undoubtedly be valuable additions to the 
cohort of the current regiments. 

Tepoxalin (5 -[4 -chlorophonyl]-iV-hydroxy-[4-rnethDxyphc- 
nyl )-N-m ethyl- 1 -H -py r azolo-3 -p r opanamide) was discove re d 
originally as a dual inhibitor of S-lipoxygenase (LO) and 
cyclooxyjreriaso (CO) and exhihiU potent nonsteroidal antiin- 
flainmAtory activities in animal models of adjuvant arthritis 
(10-12), Recently wc found that tepoxalin alao inhibits 
OKT3-induced T cell proliferation via a mechanism very dif- 
ferent from thai of CaA U3). CsA is known to block IL-2 
production aOer activation of T cells through TCR/CD3, 
whereas tepoxalin inhibits 1L-2 induced signal transduction 
(/?). An in-dvpth invcatigalion of the mechanism of action 
reveals thai tepoxalin inhibits predominantly NFk-E activa- 
tion [14) t whereas CsA is most effective in blocking NFAT 
traiwactivation (7, 8). Iiecause of these different mechanism 
of actions, a possible ndditive/synergistic effect of the com- 
bined tepoxalin and CsA treatment is expected. In this re- 
port, we demonstrate that tepoxalin is indeed effective in 
suppressing mixed lymphocyte reactions (MLU), GVH re- 
sponses, and allogeneic skin graft rejections in mice. The 
synergistic effect of tepoxalin and C»A in immunosuppres- 
sion wafl also studied. The possible mechanism of tepoxalin in 
immunosuppression and its potential clinical application are 
discussed. 

MATERIA I A S AND METHODS 

Mice. Jnhr«d C57BU0J t C3IWr w J p and BALB/cTlyJ mice m<] 
tiCfKiFj/J mice were obtained from the Jackson Laboratory (Heir 
Harbor, MR). Thone uwud in cxperim*»nu were male mice at about 
6 -10 weoku of age that weighed 18-25 gs. 

Preparation of test compounds. Tepoxaltn k naproxen, and zilculon 
were nynU^ixed by th<? R.W. Johnson Phannucnutical Keseurch 
Institute (Rftritan, NJ). CsA (Sandimmune i.v.) was from Samtez 
(Owfthec, Canada). Vot MhR exp4:rimcnts, stock f.olulions of tepoitri- 
lin, naproyen, and zikuton were prcpnred in DM.SO at 30 mM and 
diluted to working: concentrations in culture medium ut the time of 
experiments. DMSO al concentrations equivalent to those of the test 
compounds were naed ak conlruls la MLH nftRays. For experiment of 
GVH responses and sIuji gr^ft; mjoctioiis, microni^ed i/jpoicalio fl'.td 
naproxen were suspended in 0.5% racthylcelluIoBo (SigflW, St. I-nuia, 
MO) at concentrations of 5 mgfcnl or lowisr. Tho vehicle control v/ai 
the equivalent volunic of mcthylccllulose. Zileutoii was dis- 
solved in 00% polyethylene glycol 200 (Sirrnui, Si. Louis, MO), a.id 
ihc correapondinj? vehicle control wars the equivalent volume of po'y- 
cthylftno glycol ^00. CpA wns dilated in bo linn. AU compcu nd:-. 
dissolved in vnhiclejusl prior to administration to mice at vulumcs of 
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/.y/ftpAncyft? pntifvmtion assays, Single-cr-ll suspensions from 
mou";;c ^phynA wore washed onc« with PBS and UuNi YC'iuapendfld in 
RV'Ml 16-10 medium supplemented with 5% foU) bovino serum and 
50 ,i.vt 2^wrr(::jptoclhanoI. RrtKpoiuto spWn ci'Us (2.5X100 from 
OMUU^S mice (H-S! b ) were atmrnlntod by 2.5x|0 r ' irradiated (2000 
rnt»fri *pWn culla from ]WF,/J mice 0U* wd >. The rcspnndcr and 
the uimubUr cell* vwu eocuUurod in 2M) jd medium containing 
various concentrations of the trfct<*d compounds in the 96-wcll plaUw 
(round boltwu wells, Corning Inc., NY). After 5 dayu of stimulation, 
9 JI-thyuudinc wo3 added to the culture (0.5 ;iCi per well) for 4 hr. 
PUfc-s nwn harvested u.Mittf a Twmtoc JUyvmUiv $8, MACII II 
{ i'orr.uc Inc., Ori-flngc, CT) and tumples wurc- counted usi rt£ a Wallac 
rP/jrs ItetapUte ocjntillatiou counter (l'h:ir niacin, Upn*nhi, Sweden). 

Oil uitthittiy U'Rt Cell viability wns nuauescd with the MTT assay. 
SpW.n rcll* from C57tfWuM mice were prepnrtid in RPMl 10-10 me- 
dium supplemented with 6% fetal bovinu serum ond 60 jiM 2-mcr- 
i:.ipt»'Cth.*\nol. Splcisn cyJU (2Xl0 p Vw«U) were stimulated with immo- 
bilized auti ODJ (Phrtrminfft'ii) in the priw?ue:i: of tepftxalin or its 
vehicle DM550 in 96-wt-ll culture ptotw CCocrtin;T Inc., NY). The MTT 
a^ay vr:i«? conducted by lifting Lhe CclUiter 90 Kit (VYcmeffa Corp.), 
which is bwd on thn conversion of a tctrnzolium wit by viable cells 
into a d^t^A'J.Milc blue forma?, fin. 

GrGft-mmmJmt reactions. The CVH n^y waa baned on (he 
cf Dorsch ond K(vw (/$>. Spleen cwllu from C57BU6J mice 
wov injected snbeufcanermrdy into the footpads cf BGJ^J-yJ mice. 
JiaH; footpnd wftft injected with 3X10 6 spleen c^Ih in 50 pi. Seven 
d;iys buor, Lhe droininj; popliteal lyinph iuhK-s were mmoved, 
trimmed of fntand wol^hoi Miefc injiu: Lcnl in thm f^otpiid^ with saline 
wrrc ii« ( *d as negative controls. Lyinph n^d^u cf these mice woro 
iiidL-itingti-i^haMft fvftni thoj.o injor^d witli iyno.cncic spleen eel!.'?. 
'lYfoxnlin u'as adjijit\i.>tf-red orally nnd CsA Tviti Kiveii subcutane- 
ou.'dy U tnicc d-ii)y pt;Lrlyd o«o dny bHVc foo^/id iro^ction unless 
©thcrwv-e apeofioid. 

Skinxmft transplantation. (U-2 ,c ) were anesitho- 

ti/cd by intrnpcritonnil iujcctioh cf 2.5% ftvcriin (O.OXC ml/g body 
weight). A (rv-Ariini; bed (about O.ft culXI csn) on I ho. muuse tnil was 
pn.'pnrod by peeling oft akin cnnifully to avoid blccdinu- fi ^ in of 
peeled f«»m BAUVcftyJ ini«<s (H.2 ,! ) ond then placed 
over the {yi\ft site* in an Apposite orientation aecordinir to tlie hair 
•.vrovv'th diruetiftn. The p'rtRed vkin was protcelcd by a plastic tubing 
(dt.uueU*r 0.5 cm, length 3 cm) bMd in place by wound clips* for 5 
<hy%, Skin (rrnfts wore examined and scored daily. A gTaft vvas scored 
Vti'inp. rejected when more ihnu 30% of tho j^riifv was necrotic. CsA 
v/;trt feivett st»bcMUri(?c>ufily to mice daily starling one dny before skin 
trai:npU.n|.ntu»n until rejection of wuiln. Topnxnlin wa;j given orally 
rm day before trnnaplonbitio;) und then d^ily nUirtin^0Tir. day after 
triiuspbntfltion until RrafL rejection, 

Ihtta pmtRtitatkin and statistics. Dntr\ were niudyaed using on«- 
toiled Dur.nutt'M tests. A pnrair»i>lric vevainn w&*i used if dotA were 
nr.ynmlly dir^trihot^d an nswcwricd by the Wilk-Shopivo tet. Data 
vdiidh did not meet the aaiumptionn of normnlity wnr« Ustcd usinff 
5i nonporumtiUic vowton of tho Dunnett*.-?. tent. 

RKSSW-TS 

Inhibition of MLR prolifv tut ions by tcpoxnlin. Wc recently 
n.'iiorLrd that tcpoxalin suppresses T cell proliferation and 
irilnldts the activity of the transcription fnctor NFkB (13, W). 
T cell activation and proliferation nrc critical for the initia- 
tion of an unliftea Specific imnumo rftspon-ae. The transcrip- 
tion factor NFkB u also known tn be involved in rcguLatin^ 
the expression of many iar^t (joncs in an immune respotise 
(Z6\ 171 Tha possible imrflimftsuppressive offect of tcpoxalm 
wo.s ihorrfnrc studied. f ['o determine whether tcpoxalin ifi 
c9;Kd>le of inhibiting Lhe imrnune response against ailoanti- 
t'«ny, tcpoxalin at vjriotm concentrations was tested in MLR 
p-olifo. ration assays. The nssay was sot up by stimulating 



(H-2 fc ) niousiC spleen cells with irradiated 
BGD2t\/J (H-2 ljM ) mouse splocn cells. As shown in Figure 1, 
tcpoxalin inhibited cell proliferation in a dosc-dc-pendant 
fashion with nn IC 30 of 1.3 fM. The inhibitory effect was not 
related to cell toxicity. Tepoxalin nt concentrations of 25 ,;M 
or lesa did not affect the viability of nnti-Cr>3 jstimulatcd 
inoii:-a spleen cells after 24 hr of treatment (Tabic 1). Since 
tenoxnlin is a dual CO/LO inhibitor (20), Lhe posfiible link cf 
its suppression of Mi.lt proliferation to its inhibition of CO 
and/or LO was studied. To address this question, the well- 
known CO inhibitor naproxen and the LO inhibitor zileutca 
were tested in parallel at doees 10-fold higher than their IC. :a 
for suppression of CO or LO in mice, respectively. Neither of 
these compounds, nor the combination of both of them, h<id 
an inhibitory effect on MLU proliferation (Fig. 1). 

To further understand the mechanism of action of tepnx.i- 
lin, the kinetics of tepoxalin in inhibiting MLU proliferAl.ion 
waa compared to that of the known immunosuppressant, 
CsA. As shown in Table 2, the inhibitory effect was not 
diminished when tepoxalin was added 24-72 hr after the 
initiation of MLR. In contrast, CsA was effective only if it was 
added at the bepnninjy of the cocultures. To determine 
whether tcpoxalin and CsA were synergistic in inhibiting 
MLR proliferation, the two agents were tested in combina- 
tion. Tepoxnlin at 0.5 /xM, J /xM, or 2 fxM was tested in 
combination with varying concentrations of CsA 2). Ci*A 
alono inhibited the response in a dosc-rclated manner with 
an lC ao of 22 nM. Tcpoxalin alono inhibited proliferation by 
2G% at 0.5 jiM, by 55% at 1 jiM, and by 87% at 2 ^lM. When 
tvpo^alin and CsA v/ero present at suboptimal concentra- 
tions, the inhibition was clearly additive. This additive offset 
was les$ significant fit concentrations of the two drugs that 
were sjtrongly inhibitory on their own. 

Suppression of GVll responses by tcpoxalin. The. immuno- 
suppressive effect of tepo^alin as demonstrated in MT.R as- 
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FicukB 1. Inhibition of MLR proliferations by t^poj-Min. Spleen calls 
from C67EL/SJ mice were cocultared in triplicate ue\U wilh irr.'i di- 
aled apleftn eellK from B6MF/J mice n.4 dwacribed in Materials and 
Method*. Varying concentrations of tcpoxalin, naproxen, liloutor.. or 
naproxen + zileuton were added to the culture at the im'ti.iM.-m cf 
culture*. 3 H-thianidinc uptake way mOQ.iured on day 5. Co::-trol 
cultures contained DMSO diluted in a wanner similar to ihnt of the 
compounds. Uptake of a H-thywdine in vehicle controls w;,}:^ Jibout 
90,000 epin. Perccntn^s of control responses are calculmed as per- 
tonUifffts of (cpm of treated culturce/cpm of vehicle controls). 
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Ti\ n r.ra 1, Tho ciTcetivo dos*-* of ti:jv»Mlin in immunosuppression is 
not toxic to c.'lL^ 1 
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a VialiiiiLy of anti-CDO stimulated C57TJL/aT *pl*en cc!U teamed 
with tcL>os.n\ii\ fur 24 hr was tested in the MTT viability sifisay. 

* t>ll viability is pr^nM n* tl^> percentage of viablo cells in 
tepoztalin trratad sample eomp;jn:d with that ti%*atrd with an equiv- 
alent inuount of the vfihifle, l.'fMSO. 



TamlK 2. Inhibitory effect of Wpo.-ailin /ind CVA on MLR prolifera- 
tions {% control reapoiueV 1 
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" DiOkTeiil concentration? of compounds added in MLK cultures tit 
rtiiTcfonL tirnc points were btuliwd. MLR arrays were act up as 
dittenbed in Ma Uriah and Methods. The MLR proliferations treated 
vviUi compounds were compared with Choir vehicle controls. 3 H- 
tliymulim: uptake by proliferating cells in MUt assays was inea- 
sui^d. Percentages of control responses are calculated a* percent- 
a^a ofCcpin of treated culturea/cpm of vehicle controls). 



&aya Bulged la its potential use as an immunosuppressant in 
clinical therapy. This passible* application was verified with 
i/i i?/r/o murine models of transplantation. A local GVIl re- 
sponse waa performed by injecting ssplccn cells from the pa- 
rent nl C5713LVGJ (H-2' 1 ) mice into the fooLpnds of B6D2F1/J 
(IL2 V,J ) mice. GVK responses were demonstrated by the en- 
Inv^ement, of the draining popliteal lymph nodes in recipient 
mice. The lymph nodes of recipient mice increased signifi- 
cantly by day 2 and continued lo increase in size with time. 
Tho dogrou of the local GVH response was measured by 
weighing the draining popliteal lymph nodes. Tho lymph 
nodes of I epojcalin -treated mice did enlarge on day 2 but did 
nr,t change significantly later on. After 7 days of the local 
GVH response, lymph nodes from tepoxal in-treated mice 
wore slighlly hyperplastic, but were significantly less; so than 
that of the untreated controls (Fig. 3A). GVH responses in 
mice administered tcpoxalin orally at 12-50 mg/kg/day were 
i educed by about 40% of that in tho positive control group. 
Consilient with the findings in mice, tepoxalin was also 
cffoelivi* in rats, with a 30% suppression of this local GVH 
ic-sponso tit 12 mg/lcg/day (data nut shown). The immunosup- 
pressive fluent CsA administered subrutaneously to mice at 
CO and 75 mg/kgAky was shown to (suppress GVH response 
by 42% and 71%, respectively (Fig. The results suggest 
that tho immunosuppressive effect of tapoxalin at 12 mgfkgf 
day is comparable to that of CsA at 50 mg/kg/day. To assess 
whether the inhibitory efTcct of tepoxnlin on GV1I responses 
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FiCUWi 2. Additive inhibitory effects of Upoxnlin ond CsA in NU.R 
prolifrrationfl. Proliferation of C57IM/GJ mouse spleen cells afUr S 
days stimulation with iiTodiato.d U0T)2V\ spleen cclla in medium 
containing tcpoxalin at 0.5 /jM, 1 //.M, end 2 /iM plvis varying c^n- 
ccntrutiflnx of f!fiA was assayed as deecrihed in Materials and Meth- 
od*. The proliferative response in culture* containing no dru^ wss 
80,000 rpro. 

could be obtained with other CO or LO inhibitors, naproxen 
and zileuton were again tested in GVH assays. No inhibition 
was seen with zilcuton, naproxen, or a combination of the two 
compounds (Filf- SO. 

Since tepoxalin appears to act late in MLR assays, the 
effect of tcpoxalin administered early and late in GVH re- 
sponses was also studied. Similar to the findings in MLR 
proliferations, tepoxalin m>cn to mice for a minimum of 3 
days was sufficient to suppress GVH response* to an extent 
similar to those treated with tcpoxalin throughout the 7-day 
course of tho GVH response (Fig. 4). This short treatment 
with tcpoxnlin could be at tho early (day -1 to day 1 or 4) or 
the late (day 4 to day 6) stage of the GVH response. The 
inhibitory effect of tepoxalin at the late stage of immune 
responses suggests its mechanism of action U> be different 
from that of CsA. The possible synergism in immunosuppres- 
sion by tepoxalin and CsA was therefore studied in GVH 
assays. A much stronger suppression of tho GV1I response 
was indeed found in mice treated with both tepoxalin and 
CsA rather than those treated with either one of the two 
drugs (Fig. fi). This synergistic effect was particularly signif- 
icant when a low dose of tepoxalin (G mg/kg/day) was com- 
bined with CsA. 

Prolongation of shirt allograft survival by tcpoxalin. The 
time course of skin allograft rejection in mice is affected by 
the efficiency of the following two mechanisms: (1) the acti- 
vation of T cells through recognition of specific alloantigcns, 
and (2) the effector mechanisms mediating tissue distruction. 
To study the effect of tepoxalin on akin allograft survival, 
experimental allograft rejection was performed by grafting 
allogeneic HALB/cByJ (H-2 ,J ) mouse tail-slvin onto C3H/He.I 
(H-2 k ) recipient mice. For the firat G days after transplanta- 
tion, allografts appeared normal and their gross nppearan.ee 
was not different from that of syngeneic grafts. Tho rejection 
prue*;ss became apparent by doy 6, wilh signs of swelling ond 
erythema, and quickly culminated into complete graft necro- 
sis. Different doses of tepoxalin were tested in skin craft 
rejection assays. As shown in Figure 6, rejection of allografts 
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F/aw. J). Suppression of GVH responses by trpflxalin. A local GVH 
roiipojwo was triggered by subcutaneous injection of pntvnuvl 
Cfj7iU/CwT spleen cully into footpmU oT ItfiDSP/J mice, and wa* 
w.^Rnrrd hy weighing the drninintf lymph nodrs *lh described in 
llr-u^riah and Methods. Mice ityocied with valine were used as 
negative- r-nntrolsi. Dhi£$ wore tfivon to njico from day -1 to day 6 of 
Oh*. OVII response. (A) OVII responses in mica administered differ- 
ent dojoa of tfipoxalin or vehicle control (0.0% mcthylccllulo$c) 
orftlly* 'JVi mice were used prr ^raup, The vuIurm from mice treated 
Vvij.li U-^cunJin nt 12, 25, and 50 irt^/ky/d.iy ftro tfi^mficantly different 
lYova the vehicle* control group (Dtmni»Ll'& U^t). Similar ro^ulti; wore 
obtained fp>m more thnn thret! repo:itwl cypfcrinicml*. (I*.) GVH re- 
uponwiH in mice given CsA' (50 and 75 mpA;i) or vehicle control 
Valine) suhcutancouary. Five mice, were uaoJ per group. (C) GVH 
jrcopoft/ies in mif.o/>ivf>n naproxen, zihuUm, or the combinnLiun of the 
Uv-i drm* ut GO rog/lcfl/day orally. Mico afi vehicle controls for 
naproxen worts treated with equivalent volumes of 0,5% mothylecl- 
\\]}^y^iy t for ulcoton, they wora treated wi(b 50% polyethylene glycol 
200; an 4 for combination of drugt*, thfty were treated unlh both 
D.fiCfj ncLhyleclluloso nnd 50% poly«jthy\eno. elyeul 200. Five mice 
were used per £roup. The column bnra represent the standard errors. 
A-,tr:n«l«H indicate a /' value of <O.0i>. 



in the placebo-treated group started on day 7. About 50% of 
thn aHr#grafts in the placobo group were- rejected on day 10. 
TcpoxaKn lit doBuu> of 12.5 and 25 my/kg/day did not have a 
ri/;inifi<:c;nt effect in prolonging p-aft ) hjccLion. When tepoxn- 
lin at ftO mg/kyAlay w.is nr3minu:ter<d to mico, a significant 
prolongation of skin graft rejection was observed. Hie me- 
dian jiUi vival Li mcs of skin ^nrafta, J^finod ns the time point at 
which 50% of the grafts arc rejected, ums 10.5 days in the 



FlCUfctt 4. EiTcttive snpprfi/jHion of mouse GVH response by j&luvrt 
trPnt/n<:nU with tepoxalin. Th<s GVH response was induced by injec- 
tion of pplcftii cells into the footpada ofBG^P^J micu and 
waft measured by weighing tho draining lymph nodci ri3 described in 
Mnttiriafo and Methods, Mice injected with ealinc instead of «ph.fn 
colls were uf*e.d 33 nn^Htivc controls. Tepowlin (2S m/j/k^ was uJ- 
ministered orally to mice at different time schedules as eliown. GVH 
ro?iponscs in mice treatod with vehicle (0.5% methylee,llulnsf») ucrc 
used its posiriw controls. Five mice u'ere nscd per^roup. The cohinm 
b:\rs rr.prc*tit;nL the standard errors 

10 




Control 



Tip. G mjAig T«j>. 1 2 nigAg 



FrntmK 5. Synergistic suppression of mouse GVTI r^ponses Ly tcp- 
oxa)m end CsA. Th« GVH response was induced by injection of 
C57BI AiJ iiplften cella into the footpad* of BGD2*yj mcc and was 
measured by wci/jhinf; tha draining lymph nodes aa duscrilKd in 
Materials and Methods. Mice were treated witli CsA (50 mg»Vf ) or 
tepoxstlin (6 or 12 mfj/kg) wlone;, or the combination of tcpnxnlin (5 Or 
12 rog/kg) and Cs^\ (50 mg/ker). Mic« injected with spleen c&Hs and 
trt-ntod with vehicles w*a-e vwed as positive controls. Mico injer.tod 
with s^hne instead of spleen cells wt;ru uKcd wi negative controls. 
Twenty mice were uKwi per group. The column har« represent the 
standard errors. Asterisks indicate fi P vulue of <0.05. Similar re- 
nulls wen: obtMnsd from repeated experiment*. 



placebo-lronted group and was 15.0 days for the group of 
mice treated with tcpoiralin at 50 m^/lcg/day (P<Q.Qo). fur- 
thermore, a combination of tepoxfllin and CsA at low rh^os 
showed a dramatic prolong lion of allogeneic skin graft re- 
jection (FiR. 7). About fi2% of the mice treated daily with 
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Ri<JUj:K G. Prolongation of akin Graft rejections by Upnxnlin. HAI.B/ 
cftyJ mouse tnil skin wny grufwid onto the tail of CHI/He J mice and 
reaction of the grafLod faVm wa;; aeorcd afc described in Materials and 
Ahihsdt, Different doses of topoxalin wore* fldodnislered orally to 
0:iTT/lT<»'T recipient mice the dny before find iJU-r fkin transplanta- 
tion, and Overt daily until akin grafts were rejected. Mien given the 
vehicle (0.5% mcthylccllulosc) orally were used as controls. About 
t?n mice were used per group. Dotn prosonLed were tnk*n from ono 
of ihc three rcpeaUid experiments, ltestults ubUiinod from all three 
evpoviivieints wore .similar, Prolongation of skin rejection in mice 
lrv:«Uid with lepoxulin 60 Tutflig wa?> /d^mfieunl (r<0.05. Dun sett's 
t Uui). 



- Vohidn 

- C$A (SO /n$/kg) 

- To poplin (12,5 incVVj) 
Tof»xnlin(12^mo^o) 
+ C5A (50 mg/kQJ 




PayaoftorQiflfiing 

fc'iourtr, 7. Enhanced prolongs I jon of alln[>Y!ne-ic skin graft rejection 
by topoxnJln and CuA. BALlVcByJ mouse tail Man was grafted onto 
the tail of C31I/H«\J mire as dcocribod in Materials and Method*. 
Ti'poKalin (12.5 mg/k#) alont% C»A (50 tng/k^) alone, or tcpoxalin 
WX.fi in^/ktj) phi a Or: A (50 ttf/kff) wcro administered to C31I/7IeJ 
mice 11 u: day before und after akin tnmsijilaiitiujon, and then dr^ily 
until skin grafts wore rejected. To posted in wan Riven orally and CkA 
w»'i3 given 4ubcuUuccmsily. Fur recipient mice with shin. grnfU sur- 
vivniy for mnr« thon 40 dnya, drui* fid mini si rMion w&s (iiscontimiod 
from day 40, a a ah awn by arrows. Ah out tc-n mice wcro utusd per 
(jroup. Enhanced prolongation of akin rejection w»a also observed for 
I.]* j cOiYihinatiun of tepoxtflin (25 mg/k|tf and t>s A (50 n»g/kg) (data not 
Miown). 



tcpovalin (12.5 in^/kg/day) and OmA (50 mg/k^d^y) retained 
the allogeneic .skin grafts on day 40 after transplantation. To 
determine whether immunn tolerance to *»kin grafts is gener- 
ated by the combined drug treatment, drug dosing was dis- 
continued after day 40 of transplantation. Skin graft rejec- 
tion was noticeable on day 36 and nil the grafts were rejected 



on day 24 after drug cessation (Fig. 7). The results suggest 
thnt the combination of tcpoxalin and CsA potentiates the 
immunosuppressive effect, but does not induce immunotol- 
enmeo to the grafts. 



DISCUSSION 

In this report, we demonstrate that tcpoxalin is effective in 
suppressing the immune responses in murine models of GVH 
reaction and allogeneic skin graft rejection. Tina immunosup- 
pressive activity in not seen with other inhibitors of CO or 
LO. 

To study the mechanism of immunosuppression by tcpoxa- 
lin, we used the in vitro mixed lymphocyte reaction, which 
measures the proliferative response of parental ia train 
C57I3L/6J spleen cells when stimulated by B6D2P l /J spleen 
cells. Tcpoxalin inhibited the alloanti gen -driven proliferative 
response in a dose-related manner with an 1C C0 of 1,3 uM 
and a complete inhibition at 5 /iM, A similar inhibition was 
seen with CsA, which had nn IC R0 of approximately 22 nM 
and a complete inhibition at about 200 nM. However, there 
were differences in the kinetics of the inhibitions seen with 
the two compounds. Tcpoxalin exerted the same degreo of 
inhibition if added any time up to 72 hr after the set-up of 
MLR cultures, CsA was only inhibitory if added at the initi- 
ation of the MLR cultures. IL-2 production by T cell* occurs 
early following activation, reaching peak levels by 24 hr of 
culture (18, 19). CsA has been known for its inhibitory effect 
on TL-2 production (7 t 20, 21) and ia therefore expected to 
Affect T cells during the first 24 hr of activation. The fact that 
tcpoxalin inhibits proliferation late in MLR arrays suggests 
its inhibition, of later events in T cell activation. One possi- 
bility ia that the lL-2-mediated signal transduction pathway 
is affected by tepoxalin, which has boon shown on human 
lymphocytes in our previous report (1.9). 

GVH disease is a common problem in bone marruw trans- 
plantation that leads to frequent morbidity and mortality 
(22). Skin grafts trigger strong immune responses and have 
been one of the most difficult grafts in transplantation (3). 
The immunosuppressive activity of tcpoxalin was demon- 
strated in murine models of GVH responses and allogeneic 
skin graft rejections. Tcpoxalin was found to inhibit GVI1 
responses at 12 m^/kg/day and to prolong skin graft rejec- 
tions at 50 mg/kg/day. The possibility that tcpoxalin blocks a 
later event in immune response is again implicated by its 
suppression of GVH reaction oven when, it was ad mi niste red 
to mice 4 days after the initiation of the response. 

Tcpoxalin is known to bo a dual CO and LO inhibitor with 
potent antiinflammatory effects (10). One of the obvious 
questions to ask id whether its immunosuppression is due to 
the inhibition of Um CO or LO enzymes. The involvement of 
CO and LO in the modulation of immune responses remains 
controversial. Arachidonic acid metabolites produced by 
these enzymes, such as prostaglandin* and leukotriencs, 
have many biological activities, including the modulation of 
inflammation and immune response (23**20). Indeed several 
inhibitors of LO have been shown to prolong graft rejection in 
transplantation (30-33). However, it was noticed that those 
LO inhibitors with immunosuppression activity arc also po- 
tent antioxidants with inhibitory effects on NFkB activity 
(34, 35). Therefore the immune-regulatory effects of these 
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compounds may not be directly re-lawd to mh.lnUon of XX 
Wr 'cWruvd U.« effect or Itpnxalin with other k nown LO/CO 
J^ibilii* in our etudioa. Naproxen (CO inhibitor) or zilcuton 
(j',0 inhibitor), or thoir combination, did not have any effect 
on M f-fi Prorations or GVH respond, W« have reported 
^ C ently that l*po*ilin is distinct fr«m ?tW CO and LO 
S hibitnvs in its inhibition of NI'VB oclivitias <M>. NKkB u a 
nkintropic tr&nsaclivalor of many target genes involved m 
f mnw J or inflammatory respond CM. The immunc- 
...pprowive effect of u-powlin way U attributed to , iw inhi- 
bition of NFkU and not related to Iho general inhibition of 
arachirlonic add metabolism. _ 

T-xkco inRellitr, those data show that tapoxalm is an ellec- 
tiv* in. n ninoeu W i««ivc a S o»it. Since, the mechanism ofU>i>- 
oxalm appears to he different from C*\ in immunnsupprw;. 
niori it SUJWC9U! a possible combinational use of the two 
"compounds in iinmunoaiipprcasivc tharapy. Moreover, tep- 
omlin is devoid of ulcerogenic actions in ^strointeHtin^ 
, y ,J*m* that arc the common aide offects of other NSAID 
dru K H di, W). The LD,„ of tcpoxalin in mir« ami rata was 
mox o thnu 40ft m^g. which is over 1 0-fold hiffh.-r than the 
eff-d lw doses u«cd in in vivo immunosuppression. Tcpoxalin 
could thr frforu bo an important addition to U» oxifiting im- 
munosuppressive therapeutic drugs to enhance the. efficacy 
of In-f-twont owl to reduce drug toxicity in transplantation 
and autoimmunity. 

A+nrwl'thw if* Wo thank Dr. John. Broth. An na Balmesli, sad 
Linda Tw»w'r for their awiwtance in manuscript prep;. ration, and 
AnhT-y Branca and -Mm DoctoW.ro for maintenance of the animal 

facility. 
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COMBINED THERAPY WITH INTERLEUKIN-4 AND INTERLEUKIN- 

10 INHIBITS AUTOIMMUNE DIABETES RECURRENCE IN 
SYNGENEIC ISLET-TRANSPIANTED NONOBESE DIABETIC MICE 

Analysis oi* Cytokine mRNA Kxprksshon in the Gxiaft 1 

alex rarinovltcii,-' 3 '*- 5 wllma l. suarez-plnzon, 4 of,k sormwskm, 4 r. chris bleackley, 2,0 

Robert F. Powkk, 7 and Bay V. Rajgtte 8 

tli 1 imrt merits of Medicine, f/nmv*)olocy t Biochemistry t laboratory Medicine and Pathology, and Surgery, and the Kfutfart 
Diabetic Research and Training Centre, University of Alberta, Edmonton, Alberta, Ca/uxkt 



Syngeneic pancreatic islet grafts in nonobese dia- 
bolic (NOD) mice elicit a cell-mediated autoimmune 
response that destroys the in xvYm-pvoducini* p cells in 
Ibo islet ^ruft. IL-4 nnd IL-lft ore oytoMnos that inhibit 
coil-mediated immunity. In this study, we evaluated 
11 effects of IL-1 and l'L-10 on the survival of synge- 
neic pancreatic islot A transplanted into diabetic NOD 
mice Islet grafts survived beyond Ifi days nnd normo- 
fclyevmia was maintained in 07% (10 of 15) of mice 
treated with plus IL-IO, but m none (0 of 20) of 
vehicle -injected (control) mien;. Also, W/o (6 of 15) of 
t!io mice treated with IL-4 phis JL-tQ were normogly- 
cemic at 5U) days after transplantation, compa red with 
14% (1 of 7) of the mice treated with 1\M ajonc, S% (1 of 
13) of the mice treated with IL-10 alone, and none (0 of 
20) of the control mice. Histological examination of 
tfiiKfts at 10 days after transplantation revealed peri- 
accumulations of mononuclear l^ukocyteH and 
fnlftct bdet (i ccllfj in grafts from IL-1 plus IL-10- 

1 Thirt work was supported by a DLabetca Interdisciplinary Re- 
f enroll Pr6;;v»m grant from tho Juvenile DuiLcU-u Foundation Intor- 
n;iii(mM, c\r\d by grants from the Medical Hew Arch Council of Can- 
&i;h nnd the MacUuchlan Fund of the University of Alberta 
IluspiUiIti. 

4 Alrx Itabinovilch and R. Chris ISlcAckloy nru supported by Mcd- 
w-iil Scion t id Awards of the Alberta Iluritage Foundation for Medical 
Uoservclv 

;J Addr«K.i correspondence to: Alr.K Ral>jru)vitch, M.D., Department 
or Mediciae, 430 Heritage* Medical Research Centre, University of 
AllmrUi, Kdmcnton, Alberta, Canada, T6G 2S2. 

* itepartiupnt of Medicine. 

5 Dc par (.meat of Immunol opy. 
nrparlmnnt of niochC'iutaUy. 

7 Dcpnvtnscnl) of hnborntory MMicinc and iMlholo^. 
B Dopartnicat of Surgery. 



treated mice, whereas islets were infiltrated by leuko- 
cytes and the /3 cell mass was greatly reduced in grafts 
from control mice. Polymerase chain reaction (PCR) 
analysis of cytokine mRNA expression in the grafts 
revealed higher levels of IL-2, IFNy, and IL-10 mRNA 
in grafts of diabetic compared with normoglycemic 
control mice, whereas IFNy and TNF«* mRNA levels 
were significantly decreased in grafts of IL-1 plus IL- 
30-trcated mice compared with either normoglycemic 
or diabetic control mice. Thoflc results suggest that T 
helper (Th)l cells and their cytokine products (IL-2, 
IFNy, and TNFo;) may promote islet ft cell destructive 
insulitis and autoimmune diabetes recurrence in syn- 
geneic islet-tr&nsplnntcd NOD mice, and that admin- 
istration of IL-1 plus JL-10 may inhibit diabetes recur- 
rence by suppressing Thl cytokine production in the 
islet grafts. 

In&ulin-dopendcflt diabetes mellitus (IDDM)* results} from 
de=iLruction of the insulin-producing pancreatic islet p, cells 
by the host's own immune system. Whereas it is not known 
what may initiate this autoimmune response against isU-t /3 
cells, there is abundant evidence that IDDM is T cell-dopen- 
dent (1, 2), However, it ia unclear which T cells arc involved 
and how they may lead to islet p cell destine tion. A variety of 
inuAune/mfiarntviatory cells infiltrate the pancreatic islets 
and constitute the insulitfs lesion (3, 41 There i« evidence in 
human patients with IDDM (5-8) and in animals with spon- 
taneous TDDM resembling the human dbea.se — tlio nonobese 
diabetic (NOD) mouse and the biobrecdinc (KB) rat (.9-22>— 
that islet (i cell deatruciion may involve hrtorogencous ciTecs 

* Abbreviations: BB, Kiohreedinp; CPA, comply ir Frc\md'» n^u- 
vant; IDT)M> inAulin-de pendent diabetes mcllitus; NOD, nonab«i)»; 
diabetic; FCK, polymerase chain rr^ctiort; Th, T hclpftr. 
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SYNOPSIS OF APPLICATION OF WRITTEN DESCRIPTION 



GUIDELINES 



It is assumed at this point in the analysis that the specification has been 
reviewed and an appropriate search of the claimed subject matter has been 
conducted. It is also assumed that the examiner has identified which features 
of the claimed invention are conventional taking into account the body of 
existing prior art. There is a strong presumption that an adequate written 
description of the claimed invention is present in the specification as filed. If 
the examiner determines that the application does not comply with the 
written description requirement, the examiner has the initial burden, after a 
thorough reading and evaluation of the content of the application, of 
presenting evidence or reasons why a person skilled in the art would not 
recognize that the written description of the invention provides support for 
the claims. It should also be noted that the test for an adequate written 
description is separate and distinct from the test under the enablement 
criteria of 35 U.S.C. § 1 12 first paragraph. The absence of definitions or 
details for well-established terms or procedures should not be the basis of a 
rejection under 35 U.S.C. 1 12, para. 1, for lack of adequate written 
description. Limitations may not, however, be imported into the claims from 
the specification. 

The following examples only describe how to determine whether the written 
description requirement of 35 U.S.C. 1 12, para. 1 is satisfied. Regardless of 
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the outcome of that determination, Office personnel must complete the 
patentability determination under all the relevant statutory provisions of 
Title 35 of the U.S. Code. Once Office personnel have concluded analysis 
of the claimed invention under all the statutory provisions, including 35 
U.S.C. 101, 112, 102, and 103, they should review all the proposed 
rejections and their bases to confirm their correctness. Only then should any 
rejection be imposed in an Office action. The Office action should 
clearly communicate the findings, conclusions, and reasons which 
support them. When possible, the Office action should offer helpful 
suggestions on how to overcome rejections. 
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Written Description Amended 



or New Claims, or Claims Asserting 



the Benefit of an Earlier Filing Date 



Decision Tree 



For each new or amended claim or claim 
asserting the benefit of an earlier filing date, 
determine the scope of the claim as compared to 
the original claim(s) and/or the earliest priority 
or benefit application disclosure. For each 
broader/narrower element follow appropriate 
branch. 



Same 
Scope 



Meets Written 
Description 



Scope 
Narrower 



Scope 
Broader 



Yes 



If the claim adds additional 
limitations not present in the 
original claim, is there express or 
inherent or implicit support for 
the claim as a whole? Inherency is 
established by evidence which 
will indicate that the apparently 
missing descriptive matter is 
necessarily present in the original 
disclosure and would so be 
recognized by one of skill in the 
art. 



Is an element (s) 
missing from the 
claim? 



No 



Is there express, 
inherent or implicit 
support for the claim 
as a whole? 



Yes 




No 



Is the missing element (s) 
described by applicant as being an 
essential or critical feature of the 
new claim as a whole? 



Yes 




Yes 



No 



Meets 

Written 

Description 



Make a Written Description 
Rejection or deny benefit of the 
earlier application's filing date. 



Make a Written 
Description 
Rejection or deny 
benefit of the earlier 
application's filing 
date . 



Written Description 



Original Claims 



--Decision Tree— 



Review the full content of the specification and identify features 
that applicant has indicated as being essential to the 
operation/function of the claimed invention. Identify which 
features of the claimed invention are conventional taking into 
account the level of general knowledge and skill in the art. 



t 

Review the language of each claim to ascertain the meaning of the 
terms used and whether the language serves as a limitation on the 
claim. Interpret the claimed invention as a whole giving the claim its 
broadest reasonable interpretation in light of and consistent with the 
written description and the prior art. Characterize whether the claim is 
drawn to a single embodiment or species or drawn to a genus. 



Conduct a thorough search of the prior art. 



First evaluate the claims to a species. Thereafter evaluate each 
claim drawn to a genus (see genus analysis below). If there are no 
claims to a single embodiment or species, do the species analysis 
below for a reasonable number of disclosed species or specific 
embodiments before proceeding to the genus analysis. 



Single embodiment 
or Species analysis 



Actual reduction to practice of the 
claimed invention or disclosed 
species or embodiment. 



Yes 



Meets Written 
Description 



Go to Next page 



No 



Written Description 
Original Claims 
—Decision Tree— 



Clear depiction of the 
claimed invention or 
disclosed species in 
detailed drawings 



Yes 



Meets Written 
Description 



No 



Complete structure of a 

claimed or disclosed 
product or complete acts 
of a claimed or disclosed 
process disclosed? 



Meets written 
description 



Yes 



No 



Consider all disclosed distinguishing identifying 
characteristics such as: 

A: Partial structure 

B: Physical and/or chemical properties 

C: Functional characteristics 

D: Known or disclosed correlation 
between structure and function 

E: Method of making 

F: Combinations of A-E, 
Weigh all factors in view of the level of skill and the 
knowledge in the art and in light of and consistent with 
the written description. Determine if one of skill in the art 
would recognize from the disclosure that applicant was in 
possession of the claimed invention. 



Meets written 
description 



Yes 



No 



Reject under 35 U.S.C. 112, 
first paragraph as lacking an 
adequate written description 



Written Description 
Original Claims 
Decision Tree 
—Page 3- 

Genus Analysis 



Determine whether the art indicates substantial 
variation among the species within the genus of 
the claimed subject matter. 



Is there is a representative number of 
species implicitly or explicitly disclosed? 
What is a representative number of species 
depends on whether one of skill in the art 
would recognize that applicant was in 
possession of the necessary common 
attributes or features of the elements 
possessed by the members of the genus in 
view of the species disclosed or claimed. 



Yes 



Meets Written 
Description 



No 



Make a rejection under 35 
USC 1 12 first paragraph as 
lacking written description. 
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WRITTEN DESCRIPTION TRAINING EXAMPLES 



Example 1: Amended claims 
Fact Pattern: 

The specification is directed to a sectional sofa with a console 
between two reclining chairs, wherein control means for the reclining chairs 
are mounted on the console. The original disclosure clearly identifies the 
console as the only possible location for the controls, and provides for only 
the most minor variation in the location of the controls, e.g., the controls 
may be mounted on the top or side surfaces of the console or on the front 
wall. Additionally, the specification states that the purpose for the console is 
to house the controls. The original claims required the control elements to 
be present in the console. Applicant subsequently amends the claims to 
remove this limitation. 

Amended Claim: 

1. (Amended) A sectional sofa comprising: 

a pair of reclining seats disposed in parallel relationship with one 
another in a double reclining seat sofa section, said double reclining seat 
sofa section being without an arm at one end whereby a second sofa section 
of the sectional sofa can be placed in abutting relationship with the end of 
the double reclining seat sofa section without an arm so as to form a 
continuation thereof, 



10 



each of said reclining seats having a backrest and seat cushion and 
movable between upright and reclined positions, said backrests and seat 
cushions of the pair of reclining sets lying in respective common planes 
when the seats are in the same positions, 

a fixed console disposed in the double reclining seat sofa section 
between the pair of reclining seats and with the console and reclining seats 
together comprising a unitary structure, said console including an armrest 
portion for each of the reclining seats, said arm rests remaining fixed when 
the reclining seats move from one to another of their positions, and 

a pair of control means [located upon the center console to enable 
each of the pair of reclining seats to move separately between the 
reclined and upright positions] mounted on the double reclining seat 
sofa section and each readily accessible to an occupant of its respective 
reclining seat and when actuated causing the respective reclining seat to 
move from the upright to the reclined position . 

Analysis: 

The amended claim is broader than the original claim in that the pair 
of control means is no longer required to be located on the center console. 
Thus, control means mounted on a center console is an element missing 
from the claim. The specification describes the location of the control 
means on the console as an essential feature of the claimed invention as a 
whole because the specification clearly identifies the console as the only 
possible location for the controls, and states that the purpose for the console 
is to house the controls. 
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Conclusion: 

Reject the amended claim under 35 USC §112 first paragraph 
lacking adequate written description. 
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Example 2: 35 USC 120 Priority 



Fact Pattern: 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup is not important, as long as 
the implant can effectively function as an artificial hip socket. The 
application is a continuation in part of a parent application that describes an 
acetabular cup prosthesis wherein the cup is a trapezoid, a truncated cone, or 
of conical shape. All of these terms describe a conical cup. The parent 
specification also touts the criticality of a conical cup over all other shape 
cups. 

A reference disclosing the claimed invention published between the filing 
date of the parent application and the instant application. Applicant asserts 
entitlement to the filing date of the parent application. 

Claim: 

1 . An acetabular cup prosthesis comprising (1) a body extending generally 
longitudinally and terminating into front and rear surfaces, said front surface 
extending substantially transversely to said body; and (2) at least one fin for 
securing said cup to a prepared acetabulum cavity, said fin having a length 
extending generally longitudinally from said front surface toward said rear 
surface continuously along said body throughout the entire length of said fin, 
and said fin being configured so as to extend radially outwardly beyond the 
perimeter of said front surface and said body so as to engage with the cavity 
thereby securing said cup. 
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2. The prosthesis of claim 1, wherein the body has a generally conical outer 
surface. 

Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
parent application, which only describes a conical cup. Claim 1 is missing 
the element of a conical shape. This element is an essential or critical 
feature of the invention described in the parent application because the 
parent application only discloses a conical shape and the conical shape is 
described as critical over other shapes. 

Claim 2 of the instant application is directed to an acetabular cup 
prosthesis wherein the cup has a generally conical outer surface. The claim 
is of the same scope as the invention described in the parent application. 

Conclusion: 

Reject claim 1 over the prior art reference, and indicate that the claim 
is not entitled to the benefit of the earlier application filing date. 

Indicate that claim 2 is entitled to the benefit of the parent application filing 
date. 

Note that if applicant had added the subject matter of claim 1 of this 
application to the parent application in an amendment, the claim would have 
been rejected under 35 U.S.C. 1 12, first paragraph as lacking an adequate 
written description. 
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Example 2A: Essential element missing from original claim 
Fact Pattern: 

The fact situation of example 2 above is similar to the fact situation of 
the instant example, however, there is no parent application in this example. 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup is critical to permit the 
implant to effectively function as an artificial hip socket. The application 
describes an acetabular cup prosthesis wherein the cup is a trapezoid, a 
truncated cone, or of conical shape. All of these terms describe a conical 
cup. The specification also touts the criticality of a conical cup. 

Claims: Same as claims 1 and 2 of example 2 above. 

Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
instant application that only describes a conical cup. Claim 1 is missing the 
element of a conical shape. A review of the specification indicates that a cup 
implant having a shape which can effectively function as an artifical hip 
socket is critical to the operation/function of the claimed invention. The 
application discloses a conical shape cup and the conical shape is described 
as critical over other shapes. The specification indicates that the invention 
as claimed will not function in its intended manner without the specific cup 
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shape. Therefore this element is essential to the function/operation of the 
invention. 

Claim 1 is directed to a genus. There is no actual reduction to practice 
or clear depiction of the claimed invention in detailed drawings; however, 
the complete structure of a species of the claimed prosthesis (with conical 
shape) is disclosed. The disclosed species is not representative of the genus 
because the specification indicates that without the conical shape the 
invention will not operate as intended. Therefore, applicant was not in 
possession of the necessary common attributes of the elements possessed by 
the members of the genus. A written description rejection should be made in 
this situation. 
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Example 2B: A preferred element missing from original claim 



Fact Pattern: 

The fact situation of example 2B is similar to example 2A above 
except that in this example the shape of the conical cup is described as being 
preferred. 

The specification is directed to artificial hip sockets that include cup 
implants adapted for insertion into an acetabular, or hip, bone. The 
specification indicates that the shape of the cup must permit the implant to 
effectively function as an artificial hip socket. The application describes an 
acetabular cup prosthesis wherein the cup is preferably a trapezoid, a 
truncated cone, or of conical shape. All of these terms describe a conical 
cup. The specification emphasizes that a conical cup is the preferred 
embodiment. 

Claims: Same as claims 1 and 2 of example 2 above. 
Analysis: 

Claim 1 in the instant application is directed to an acetabular cup 
prosthesis wherein the shape of the cup is not specifically defined (see 
element (1) of claim 1). The claim is broader than the disclosure in the 
instant application that only describes a conical cup. Claim 1 is missing the 
element of a conical shape. A review of the specification indicates that a cup 
implant having a conical shape is preferred but has no apparent bearing to 
the operation/function of the claimed invention. Therefore this element is not 
essential to the function or operation of the invention. 
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Claim 1 is directed to a genus. Although there is no actual reduction 
to practice or clear depiction of the claimed invention in detailed drawings, 
the complete structure of a species of the claimed prosthesis (with conical 
shape) is disclosed. The disclosed species is representative of the genus 
because there is a known correlation between the structure and the function 
of claimed invention and one of skill in the art would recognize that 
applicant was in possession of the necessary common attributes of the 
elements possessed by the members of the genus. The invention as claimed 
will function in its intended manner even without the specific cup shape. No 
written description rejection should be made in this situation. 

Note: If the specification needs to be amended to be consistent with an 
original claim, see MPEP 608.01 (oh 
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Example 3: New claims 



Fact Pattern: 

The specification describes a form of computer technology called 
multi-threading. In essence, computers with multi-threading capabilities can 
switch between tasks with such rapidity that they appear to be performing 
two or more tasks at once. The specification describes one illustrative 
example in the specification wherein one of the program threads is an editor 
and another thread is a code processing routine in the form of a compiler. 
As the operator strikes keys at the keyboard, the compiler thread executes 
between each successive pair of keystrokes to process the entered source 
code concurrently with the editing operation. By the time the operator has 
finished entering or editing the code the compiler thread will have completed 
most of the required processing, thereby freeing the operator from lengthy 
periods of waiting for extensive code processing. 

In this illustrative embodiment the interrupt operation of the central 
processor is periodically activated by a timer or clock. Each interrupt 
operation asynchronously preempts the executing compiler thread and 
passes control of the central processor to an interrupt service routine. The 
input port is then polled to test if a key has been struck at the keyboard. If 
not, the interrupt is terminated and control returns to the compiler thread. If 
polling the port reveals that a key has been struck then the interrupt service 
routine invokes the editor thread which takes control of the central processor 
to perform a character code entry or other edit operation. In addition to the 
description above, the application's abstract references an editor, compiler, 
interrupt means, and return means, and the "Object of the Invention" section 
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and the "Description of Prior Art" clearly discuss the importance of an 
editor and compiler. 

The original claims required, inter alia, an editor, a compiler, an 
interrupt means and a return means. These elements are missing from new 
claim 20. 

Claim: 

20. A computer-readable disk memory having a surface formed with a 
plurality of binary patterns constituting a multithreaded application program 
executable by a desktop computer having a central microprocessor, a 
memory, means for loading said application program into a defined address 
space of said memory, and a clock-driven periodically-activated interrupt 
operation, said multithreaded program comprising 

a plurality of sets of instructions with each set executable by said 
microprocessor, 

a first of said sets of instructions executable to provide a first thread of 
execution having control of the central microprocessor, 

said first thread of execution being periodically preempted in response 
to activations of an interrupt operation at predetermined fixed time intervals, 
and 

a second of said sets of instructions executable to provide a second 
thread of execution to acquire control of the central microprocessor, 

each of said threads having direct access to said program memory 
address space so as to provide fast efficient preemption of one thread by 
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another thread and switching of control of the central microprocessor back 
and forth among the threads at a rate so rapid that the threads execute 
effectively simultaneously. 

Analysis: 

Claim 20 is a new claim, which is broader in scope than the original 
claims. There are four elements missing from the claims (the editor, 
compiler, interrupt means, and return means). These missing elements are 
described by applicant as being an essential or critical feature of the claimed 
invention as a whole as evidenced by applicant's repeated reliance on the 
presence of these elements throughout the originally filed disclosure. 
Multiple sections within the application make clear that these four elements 
served integral functions in the overall invention. 

Conclusion: 

Reject claim 20 as lacking an adequate written description because 
four elements described as essential or critical are omitted. The omitted 
elements are: editor, compiler, interrupt means, and return means. 
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Example 4 : Original claim 
Fact Pattern: 

The invention is directed to a form of autopilot, described as a 
"heading lock," which enables a person to maintain directional control over 
a watercraft without constant manipulation of trolling motor controls. The 
preferred embodiment, as set forth in the written description and clearly 
depicted in detailed drawings, employs a compass mounted to the head of 
the "heading lock" unit, which monitors the direction of the thrust motor. 
The heading lock is coupled to the trolling motor; in a preferred 
embodiment, the heading lock is mechanically coupled to the trolling motor. 
The disclosure specifically notes that the direction of the thrust motor is 
considered to be the same as the direction of the boat since the trolling motor 
is mounted on the bow of the boat. The specification indicates that the 
electronic steering system continues to monitor the current heading of the 
thrust and also indicates that the heading detector continuously monitors the 
current heading of the boat. The term "heading" is used interchangeably 
throughout the written description to refer to both the direction of the 
trolling motor and the direction of the boat. 

Claim: 

1 . A heading lock coupled to a trolling motor producing a thrust disposed to 
pull a watercraft, said heading lock comprising: 

a steering motor coupled to said trolling motor, said steering motor 
being disposed to affect the orientation of said trolling motor in response to 
input signals; 
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a steering circuit electrically coupled to said steering motor, said 
steering circuit being disposed to generate said input signals to said steering 
motor in response to heading signals; and 

a heading detector electrically coupled to said steering circuit, said 
heading detector being disposed to transmit said heading signals to said 
steering circuit. 

Analysis: 

Applicant has identified a heading lock comprising a steering system 
coupled to a trolling motor and a heading detector, as features essential to 
the operation of the claimed invention. Although the heading lock is 
preferably mechanically coupled to the trolling motor, the applicant does not 
describe the type of coupling as essential to the claimed invention as a 
whole. A search of the prior art shows that various means for coupling a 
heading lock to a trolling motor are conventional in the art. The claim is 
drawn to a single embodiment. Although there is no reduction to practice of 
the claimed invention, the claimed invention is clearly depicted in detailed 
drawings. 

Conclusion: 

The claim is adequately described. 
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Example 5: Flow Diagrams 



Fact Pattern: 

The specification is directed to a mechanism for controlling the mode 
of operation of a modem. A modem is used for modulating and 
demodulating signals, both analog and digital, over telephone lines. It has 
two modes: (1) a transparent mode, in which the modem performs the 
modulation-demodulation function, and (2) a command mode, in which the 
modem responds to predetermined commands and performs operations by 
executing a set of instructions stored in Read-Only-Memory (ROM) or 
firmware. An escape command tells the modem when to switch between 
transparent and command modes. 

The application claims an improved mechanism for detecting an escape 
command by a modem. The decision making capability and timing means 
preferably reside in a microprocessor, preferably a Z-8 type microprocessor. 
The specification discloses logic flow diagrams and provides a detailed 
functional recitation that describes how to program computers to detect an 
escape command, but the specification does not provide a computer program 
listing with source code. The specification describes the escape sequence as 
one full second of no data, followed by the predetermined escape command, 
followed by another full second of no data. 

Claim: 

1 . In a modem including a data input port for connecting said modem to a 
utilization device, and a telephone port for connecting said modem to a 
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telephone line, said modem being of the type having two distinct modes of 
operation: 

(a) a transparent mode of operation for which said modem provides 
modulated signals to said telephone port in response to data signals provided 
to said data input port; and 

(b) a command mode of operation for which said modem responds to 
said data signals provided to said data input port as instructions to said 
modem; 

said modem including means defining a predetermined sequence of said data 
signals as an escape character; the improvement comprising: 

timing means for detecting each occurrence of a passage of a 
predetermined period of time after provision of one of said data signals to 
said data input port; and 

means, operative when said modem is in said transparent mode of 
operation, for detecting provision of said predetermined sequence of said 
data signals, and for causing said modem to switch to said command mode 
of operation, if and only if said predetermined sequence of data signals 
occurs contiguous in time with at least one said occurrence of said passage 
of said predetermined period of time during which none of said data signals 
are provided to said data input port. 

Analysis: 

After a review of the full content of the specification, the examiner 
finds that a modem having two modes of operation (transparent and 
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command), a timing means, and a means for detecting an escape sequence 
and causing the modem to switch from the transparent to the command 
mode are essential to the operation and function of the claimed invention. 
The specification does not describe a particular timing means or means for 
detecting the escape command and switching to the command mode. The 
claim is drawn to a genus. A search of the prior art indicates that the 
structure of the hardware required is conventional, and that one skilled in the 
art would know how to program a microprocessor to perform the necessary 
steps described in the specification. A review of the art indicates that there 
is no substantial variation among the species within the genus. Although no 
embodiments have been actually reduced to practice, a review of the 
specification shows that the claimed invention has been reduced to drawings 
in view of the detailed functional flow diagrams. Since the claimed 
invention is supported by conventional hardware structure and because there 
is a functional description of what the software does to operate the computer, 
there is sufficient description of the claimed invention. Disclosing a 
microprocessor capable of performing certain functions is sufficient to 
satisfy the requirement of section 1 12, first paragraph, when one skilled in 
the relevant art would understand what is intended and know how to carry it 
out. 

Conclusion: 

The claimed invention has been adequately described. 
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Biotechnology Examples 



Example 6: Genes 

Specification: The specification describes an isolated cDNA fragment (SEQ 
ID NO: 1; a lOOmer) obtained from a human glioblastoma cDNA library. 
SEQ ID NO: 1 is asserted to be homologous to a known DNA molecule that 
encodes the extracellular domain of a glial specific G-coupled protein 
receptor whose function is associated with glial cell differentiation. The 
observed homology is sufficient to support a conclusion that SEQ ID NO: 1 
would be glial specific. Further, it would be reasonable to infer that a G- 
coupled protein receptor encoded by a cDNA that comprised SEQ ID NO: 1 
would be involved in the regulation of glial cell differentiation. In the 
description, applicant defines a "gene" as including naturally occurring 
regulatory elements and untranslated regions necessary and sufficient to 
mediate the expression of a cDNA comprising SEQ ID NO: 1 . The 
specification describes methods for cloning nucleic acids that encode full- 
length glial specific G coupled protein receptors. The specification also 
discloses that SEQ ID NO: 1 can be used as a probe for identifying the 
presence of nucleic acids encoding glial specific G-coupled protein receptors 
in mammals. Glial specific G-coupled protein receptors are disclosed as 
useful in drug discovery methods to identify agents that regulate glial 
differentiation. The specification defines a probe as consisting of SEQ ID 
NO: 1 and between five to 10 additional nucleotides on either end of SEQ 
ID NO: 1. 
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Claim: 



An isolated gene comprising SEQ ID NO: 1. 
Analysis: 

A review of the specification indicates that elements which are not 
particularly described, including regulatory elements and untranslated 
regions, are essential to the function of the claimed invention because 
applicant's definition of "gene" requires them. Additionally, SEQ ID NO: 1 
is disclosed as being essential to the function of the claimed invention. The 
art indicates that the structure of genes with naturally occurring regulatory 
elements and untranslated regions is empirically determined. For example, 
the structural elements of "gene" mediating the expression of a particular 
protein in the liver may be different than the structural elements of the 
"gene" mediating the expression of the same protein in the brain. Therefore 
the structure of these elements which applicant considers as being essential 
to the function of the claim are not conventional in the art. 

The claim is drawn to a genus, i.e., any gene which comprises SEQ ID 
NO: 1. 

A search of the prior art indicates that SEQ ID NO: 1 is otherwise 
novel and unobvious, and no associated genomic clones have been 
identified. 

There is no actual reduction to practice of the claimed invention, clear 
depiction of the claimed invention in the drawings or complete detailed 
description of the structure. 
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Considering all disclosed distinguishing identifying characteristics, 
there is a disclosure of partial structure (SEQ ID NO: 1) as well as the 
function of the gene as coding for a G-coupled protein receptor. 

However, there is no known or disclosed correlation between this 
function and the structure of the non-described regulatory elements and 
untranslated regions of the gene. Furthermore, there is no additional 
disclosure of physical and/or chemical properties. Weighing all factors in 
view of the level of knowledge and skill in the art, one skilled in the art 
would not recognize from the disclosure that the applicant was in possession 
of the genus of genes which comprise SEQ ID NO: 1. 

Conclusion: 

Reject claim 1 under 35 USC 1 12 first paragraph as lacking an adequate 
written description. The examiner should make a rejection following a 
similar type of reasoning as that set forth above. 

Note: Applicant may overcome this rejection by claiming a probe which 
consists essentially of SEQ ID NO: 1, since the specification teaches that 
a probe can have no more than 10 additional nucleic acid residues at 
either end of the molecule. The examiner should make an express 
determination that "consisting essentially of admits of no more than 10 
additional residues at either end of the molecule. 
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Example 7: EST 



Specification: The specification discloses SEQ ID NO: 16 which is a partial 
cDNA. The specification does not address whether the cDNA crosses an 
exon/intron splice junction. The specification discloses that this sequence 
will specifically hybridize with the complement of the coding sequence of a 
gene of an infectious yeast. The presence of the nucleic acid detected by 
hybridization with the complement of the coding sequence is useful for 
identifying yeast infections. Example 1 of the specification describes an 
experiment where SEQ ID NO: 16 was determined following 
characterization of a cDNA clone isolated from a cDNA library. 

Claim: 

An isolated DNA comprising SEQ ID NO: 16. 
Analysis: 

A review of the full content of the specification indicates SEQ ID NO: 
16 is essential to the operation and function of the claimed invention. The 
specification indicates that the presence of DNA that hybridizes with SEQ 
ID NO: 16 is indicative of a yeast infection. 

A review of the language of the claim indicates that the claim is 
drawn to a genus, i.e., any nucleic acid that minimally contains SEQ ID NO: 
16 within it including any full length gene which contains the sequence, any 
fusion constructs or cDNAs. 

The search indicates that SEQ ID NO: 16 is a novel and unobvious 
sequence. 
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There is a single species explicitly disclosed (a molecule consisting of 
SEQ ID NO: 16 that is within the scope of the claimed genus). 

There is actual reduction to practice of the disclosed species. 

The disclosure of a single disclosed species may provide an adequate 
written description of a genus when the species disclosed is representative of 
the genus. The present claim encompasses full-length genes and cDNAs that 
are not further described. There is substantial variability among the species 
of DNAs encompassed within the scope of the claims because SEQ ID NO: 
16 is only a fragment of any full-length gene or cDNA species. When 
reviewing a claim that encompasses a widely varying genus, the examiner 
must evaluate any necessary common attributes or features. In the case of a 
partial cDNA sequence that is claimed with open language (comprising), the 
genus of 5 e.g., "A cDNA comprising [a partial sequence]," encompasses a 
variety of subgenera with widely varying attributes. For example, a cDNA's 
principle attribute would include its coding region. A partial cDNA that did 
not include a disclosure of any open reading frame (ORF) of which it would 
be a part, would not be representative of the genus of cDNAs because no 
information regarding the coding capacity of any cDNA molecule would be 
disclosed. Further, defining "the" cDNA in functional terms would not 
suffice in the absence of a disclosure of structural features or elements of a 
cDNA that would encode a protein having a stated function. 

A description of a genus of cDNAs may be achieved by means of a 
recitation of a representative number of cDNAs, defined by nucleotide 
sequence, falling within the scope of the genus or of a recitation of structural 
features common to the members of the genus, which features constitute a 
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substantial portion of the genus. Regents of the University of California v 
Eli Lilly & Co. , 119 F3d 1559 5 1569, 43 USPQ2d 1398, 1406 (Fed. Cir. 
1997). 



Here, the specification discloses only a single common structural feature 
shared by members of the claimed genus, i.e., SEQ ID NO: 16. Since the 
claimed genus encompasses genes yet to be discovered, DNA constructs that 
encode fusion proteins, etc., the disclosed structural feature does not 
"constitute a substantial portion" of the claimed genus. Therefore, the 
disclosure of SEQ ID NO: 16 does not provide an adequate description of 
the claimed genus. 

Weighing all factors, 1) partial structure of the DNAs that comprise 
SEQ ID NO: 16, 2) the breadth of the claim as reading on genes yet to be 
discovered in addition to numerous fusion constructs and cDNAs, 3) the lack 
of correlation between the structure and the function of the genes and/or 
fusion constructs; in view of the level of knowledge and skill in the art, one 
skilled in the art would not recognize from the disclosure that the applicant 
was in possession of the genus of DNAs which comprise SEQ ID NO: 16. 

Conclusion: The written description requirement is not satisfied. 
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Caveat: In situations where the specification indicates that the SEQ ID 
NO: is a full-length cDNA open reading frame and the claim cannot read on 
a gene, the claimed invention would meet the written description 
requirement. 

Example 8: DNA fragment Encoding a Full Open Reading Frame 
(ORF) 

Specification: The specification discloses that a cDNA library was prepared 
from human kidney epithelial cells and 5000 members of this library were 
sequenced and open reading frames were identified. The specification 
discloses a Table that indicates that one member of the library having SEQ 
ID NO: 2 has a high level of homology to a DNA ligase. The specification 
teaches that this complete ORF (SEQ ID NO: 2) encodes SEQ ID NO: 3. 
An alignment of SEQ ID NO: 3 with known amino acid sequences of DNA 
ligases indicates that there is a high level of sequence conservation between 
the various known ligases. The overall level of sequence similarity between 
SEQ ID NO: 3 and the consensus sequence of the known DNA ligases that 
are presented in the specification reveals a similarity score of 95%. A search 
of the prior art confirms that SEQ ID NO: 2 has high homology to DNA 
ligase encoding nucleic acids and that the next highest level of homology is 
to alpha-actin. However, the latter homology is only 50%. Based on the 
sequence homologies, the specification asserts that SEQ ID NO: 2 encodes a 
ligase. 

Claim 1: An isolated and purified nucleic acid comprising SEQ ID NO: 2. 
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Analysis: 

A review of the full content of the specification indicates SEQ ID NO: 
2 is essential to the operation and function of the claimed invention. The 
specification indicates that SEQ ID NO: 2 encodes a protein that would be 
expected to act as a DNA ligase. 

A review of the language of the claim indicates that the claim is 
drawn to a genus, i.e., any nucleic acid that minimally contains SEQ ID NO: 
2. The claim is drawn to a nucleic acid comprising a full open reading frame. 
The claimed nucleic acid does not read on a genomic sequence because full- 
length mammalian cDNAs would not be expected to contain introns or 
transcriptional regulatory elements such as promoters that are found in 
genomic DNA. The claim reads on the claimed ORE in any construct or with 
additional nucleic acid residues placed at either end of the ORF. 

The search indicates that SEQ ID NO: 2 is a novel and unobvious 
sequence. 

There is a single species explicitly disclosed (a molecule consisting of 
SEQ ID NO: 2 that is within the scope of the claimed genus). 

There is actual reduction to practice of the disclosed species. 

One of skill in the art can readily envisage nucleic acid sequences 
which include SEQ ID NO: 2 because e.g. SEQ ID NO: 2 can be readily 
embedded in known vectors. Although there may be substantial variability 
among the species of DNAs encompassed within the scope of the claim 
because SEQ ID NO: 2 may be combined with sequences known in the art, 
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e.g. expression vectors, the necessary common attribute is the ORF (SEQ ID 
NO: 2). 

Weighing all factors including (1) that the full length ORF (SEQ ID 
NO: 2) is disclosed and (2) that any substantial variability within the genus 
arises due to addition of elements that are not part of the inventor's 
particular contribution, taken in view of the level of knowledge and skill in 
the art, one skilled in the art would recognize from the disclosure that the 
applicant was in possession of the genus of DNAs that comprise SEQ ID 
NO: 2. 

Conclusion: The written description requirement is satisfied. 
Example 9: Hybridization 

Specification: The specification discloses a single cDNA ( SEQ ID NO. l) 
which encodes a protein that binds to a dopamine receptor and stimulates 
adenylate cyclase activity. The specification includes an example wherein 
the complement of SEQ ID NO: 1 was used under highly stringent 
hybridization conditions (6XSSC and 65 degrees Celsius) for the isolation 
of nucleic acids that encode proteins that bind to dopamine receptor and 
stimulate adenylate cyclase activity. The hybridizing nucleic acids were not 
sequenced. They were expressed and several were shown to encode proteins 
that bind to a dopamine receptor and stimulate adenylate cyclase activity. 
These sequences may or may not be the same as SEQ ID NO: 1 . 

Claim: 

An isolated nucleic acid that specifically hybridizes under highly stringent 
conditions to the complement of the sequence set forth in SEQ ID NO: 1, 
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wherein said nucleic acid encodes a protein that binds to a dopamine 
receptor and stimulates adenylate cyclase activity. 

Analysis: 

A review of the full content of the specification indicates that the 
essential feature of the claimed invention is the isolated nucleic acid that 
hybridizes to SEQ ID NO: 1 under highly stringent conditions and encodes a 
protein with a specific function. The art indicates that hybridization 
techniques using a known DNA as a probe under highly stringent conditions 
were conventional in the art at the time of filing. 

The claim is drawn to a genus of nucleic acids all of which must 
hybridize with SEQ ID NO: 1 and must encode a protein with a specific 
activity. 

The search of the prior art indicates that SEQ ID NO: 1 is novel and 
unobvious. 

There is a single species disclosed (a molecule consisting of SEQ ID 
NO: 1) that is within the scope of the claimed genus. 

There is actual reduction to practice of the disclosed species. 

Now turning to the genus analysis, a person of skill in the art would 
not expect substantial variation among species encompassed within the 
scope of the claims because the highly stringent hybridization conditions set 
forth in the claim yield structurally similar DNAs. Thus, a representative 
number of species is disclosed, since highly stringent hybridization 
conditions in combination with the coding function of DNA and the level of 
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skill and knowledge in the art are adequate to determine that applicant 
in possession of the claimed invention. 

Conclusion: The claimed invention is adequately described. 
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Example 10: Process claim 

Specification: The specification teaches that SEQ ID NO: 10 is an EST. 
The specification also teaches that SEQ ID NO: 10 is a chromosome marker 
and that any DNA which hybridizes under specified stringent conditions to 
SEQ ID NO: 10 will be useful as a marker for detecting the presence of 
Burkitt's lymphoma. The specification also teaches how to produce DNAs 
including genomic DNAs which hybridize to SEQ ID NO: 10 and isolation 
of said DNAs. The specification presents an example where a genomic 
DNA is probed with SEQ ID NO: 10 under the specified stringent conditions 
(6XSSC and 65 degrees Celsius) and the genomic DNA which hybridizes 
under these conditions is isolated and is sequenced. The sequence of this 
genomic clone is represented by SEQ ID NO: 1 1 . 

Claim: 

Claim 1 : A process for producing an isolated polynucleotide comprising 
hybridizing SEQ ID NO: 10 to genomic DNA in 6XSSC and 65° C and 
isolating the DNA polynucleotide detected with SEQ ID NO: 10. 

Claim 2: An isolated DNA that hybridizes with SEQ ID NO: 10. 

Analysis: 

Claim 1: 

A review of the full content of the specification indicates that the 
essential feature of the claimed invention is a process of obtaining a nucleic 
acid sequence which is identified by a probe that hybridizes to SEQ ID 
NO:10 and a polynucleotide that hybridizes with SEQ ID NO: 10. The 
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specification and the general state of the art indicate that the general process 
of producing nucleic acids through hybridization with probes was routine at 
the time of filing. 

The claim is drawn to a genus i.e., a process of hybridizing to 
genomic DNA with SEQ ID NO: 10 and isolating the DNA which 
hybridizes under specific conditions to said sequence. 

The search indicates that SEQ ID NO: 10 and SEQ ID NO: 1 1 are 
novel and unobvious sequences. Therefore, under the examination 
guidelines of In re Ochiai and In re Brouwer , the method of making a novel 
and unobvious product is also novel and unobvious. 

The specification presents an example where a single species has been 
reduced to practice, i.e., isolation of SEQ ID NO: 1 1 based on hybridization 
with SEQ ID NO: 10. Therefore the disclosed species within the genus has 
been adequately described. Now turning to the genus analysis, the art 
indicates that there is no substantial variation within the genus because of 
the stringency of hybridization conditions which yields structurally similar 
molecules. The single disclosed species is representative of the genus 
because reduction to practice of this species, considered along with the 
defined hybridization conditions and the level of skill and knowledge in the 
art, are sufficient to allow the skilled artisan to recognize that applicant was 
in possession of the necessary common attributes or features of the elements 
possessed by the members of the genus. 
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Claim 2: 



The claim is drawn to a genus of nucleic acids, all of which must 
hybridize to SEQ ID NO: 10. The claim does not specify any stringency 
conditions. The claim is broad and reads on virtually any nucleic acid. 

There is a species disclosed, SEQ ID NO: 1 1 . The art indicates that 
there is substantial variation within the genus because the lack of stringency 
of hybridization conditions would be expected to yield structurally unrelated 
nucleic acid molecules. The single disclosed species is not representative of 
the genus because there is no structural attribute or feature that is common to 
the members of the genus. 

Conclusion: 

Claim 1 is adequately described. 

Claim 2 should be rejected as lacking adequate written description following 
the analysis described above. 

Note: Applicant may overcome the written description rejection of the 
product by, for example, substituting claim 2 with a product by process 
claim such as the one below. 

Claim 2. The isolated DN A polynucleotide prepared according to the 
process of claim 1. 
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Example 11: Allelic Variants 

Specification: The specification discloses a DNA, SEQ ID NO: 1, said to 
encode a cell surface receptor for adenovirus. The cell surface receptor is 
designated protein X and its sequence is given as SEQ ID NO:2. The 
specification states that the invention includes alleles of the DNA that 
include single nucleotide polymorphisms (SNPs). No allelic sequence 
information is disclosed, but the specification states that allelic variants of 
SEQ ID NO: 1 can be obtained, e.g., by hybridizing SEQ ID NO: 1 to a 
DNA library made from the species of organism that yielded SEQ ID NO: 1 . 

Claims: 

1 . An isolated DNA that encodes protein X (SEQ ID NO: 2). 

2. An isolated allele of the DNA according to claim 1, which allele encodes 
protein X (SEQ ID NO: 2). 

3. An isolated allele of SEQ ID NO: 1. 
Analysis: 

Claim 1: 

Claim 1 is drawn to the genus of DNAs that encode amino acid 
sequence SEQ ID NO:2, i.e., all sequences degenerately related by a genetic 
code table to SEQ ID NO: 1 . Although only one specie within the genus is 
disclosed, SEQ ID NO: 1, a person of skill in the art could readily envision 
all the DNAs degenerate to SEQ ID NO: 1 by using a genetic code table. 
One of skill in the art would conclude that applicant was in possession of the 
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genus based on the specification and the general knowledge in the art 
concerning a genetic coding table. 

Claim 2: 

Claim 2 is drawn to a subgenus of allelic DNAs that encode amino 
acid sequence SEQ ID NO: 2. The specification does not provide any 
particular definition for the term allele. In this circumstance, the meaning of 
the term is the ordinary usage in the art. The ordinary meaning of the term 
allele is one of two or more alternate forms of a gene occupying the same 
locus in a particular chromosome or linkage structure and differing from 
other alleles of the locus at one or more mutational sites. See, Rieger et al., 
Glossary of Genetics (1991), p. 16. The alleles in claim 2 are "strictly 
neutral" because they encode identical proteins, and make no difference to 
phenotype. See, Rieger et al., p. 17. Although the standard definition refers 
to genomic sequences and the claims are directed to DNAs, a reasonable 
interpretation is that the claim is directed to DNAs that include naturally 
occurring mutational site(s). 

The specification discloses only one allele within the scope of the 
genus: SEQ ID NO: 1 . The specification proposes to discover other 
members of the genus by using a hybridization procedure. There is no 
description of the mutational sites that exist in nature, and there is no 
description of how the structure of SEQ ID NO: 1 relates to the structure of 
any strictly neutral alleles. The general knowledge in the art concerning 
alleles does not provide any indication of how the structure of one allele is 
representative of unknown alleles. The nature of alleles is that they are 
variant structures, and in the present state of the art the structure of one does 
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not provide guidance to the structure of others. The common attributes of 
the genus are not described. One of skill in the art would conclude that 
applicant was not in possession of the claimed genus because a description 
of only one member of this genus is not representative of the variants of the 
genus and is insufficient to support the claim. 

Claim 3: 

Claim 3 is drawn to the genus including all DNA alleles of SEQ ID 
NO: 1. The specification does not provide any particular definition for the 
term allele. In this circumstance, the meaning of the term is the ordinary 
usage in the art. The ordinary meaning of the term allele is one of two or 
more alternate forms of a gene occupying the same locus in a particular 
chromosome or linkage structure and differing from other alleles of the locus 
at one or more mutational sites. See, Rieger et al, Glossary of Genetics 
(1991), p. 16. The Rieger reference discloses that there are at least seven 
different kinds of allele in addition to the "strictly neutral" type discussed 
above for Claim 2. See, Rieger, pp. 16-17 (amorphs, hypomorphs, 
hypermorphs, antimorphs, neomorphs, isoalleles, and unstable alleles). The 
alleles are distinguished by the effect their different structures have on 
phenotype. According to Rieger, alleles may differ functionally according 
to their distinct structures. For example, they may differ in the amount of 
biological activity the protein product may have, may differ in the amount of 
protein produced, and may even differ in the kind of activity the protein 
product will have. 

The specification discloses only one allele within the scope of the 
genus: SEQ ID NO: 1 . The specification proposes to discover other 
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members of the genus by using a hybridization procedure. There is no 
description of the mutational sites that exist in nature, and there is no 
description of how the structure of SEQ ID NO: 1 relates to the structure of 
different alleles. In addition, according to the standard definition, the genus 
includes members that would be expected to have widely divergent 
functional properties. The general knowledge in the art concerning alleles 
does not provide any indication of how the structure of one allele is 
representative of other unknown alleles having concordant or discordant 
functions. The common attributes of the genus are not described and the 
identifying attributes of individual alleles, other than SEQ ID NO:l, are not 
described. The nature of alleles is that they are variant structures where the 
structure and function of one does not provide guidance to the structure and 
function of others. According to these facts, one of skill in the art would 
conclude that applicant was not in possession of the claimed genus because a 
description of only one member of this genus is not representative of the 
variants of the genus and is insufficient to support the claim. 

Conclusions: 

Claim 1: 

Claim 1 should not be rejected under the written description 
requirement. 

Claim 2: 

Claim 2 should be rejected under the written description requirement. 
An analysis similar to the one set forth above could be used. Since the 
Office has the burden of presenting evidence to support its position, see 
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MPEP 2163.04, a reference should be relied on as authority for the Office's 
interpretation of the claim term "allele." 

Claim 3: 

Claim 3 should be rejected under the written description requirement. 
An analysis similar to the one set forth above could be used. Since the 
Office has the burden of presenting evidence to support its position, see 
MPEP 2163.04, a reference should be relied on as authority for the Office's 
interpretation of the claim term "allele." 

For the rejections of claims 2 and 3, the Office interpretation of 
"allele" should be supported by a reference, rather than by taking "notice," 
because the interpretation is the principle evidence supporting the rejection. 
See MPEP 2144.03 (For further views on official notice, see In re Ahlert, 
424 F.2d 1088, 1091 165 USPQ 418, 420 - 421 (CCPA 1970) ("[Assertions 
of technical facts in areas of esoteric technology must always be supported 
by citation of some reference work" and "allegations concerning specific 
"knowledge' of the prior art, which might be peculiar to a particular art 
should also be supported." Furthermore the applicant must be given the 
opportunity to challenge the correctness of such assertions and allegations. 
"The facts so noticed serve to Till the gaps* which might exist in the 
evidentiary showing" and should not comprise the principle evidence upon 
which a rejection is based.); see also, In re Barr, 444 F.2d 588, 170 USPQ 
330 (CCPA 1971) (scientific journal references were not used as a basis for 
taking judicial notice that controverted phrases were art - recognized 
because the court was not sure that the meaning of the term at issue was 
indisputable among reasonable men); In re Eynde, 480 F.2d 470, 178 USPQ 
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470,474 (CCPA 1973) ("The facts constituting the state of the art are 
normally subject to the possibility of rational disagreement among 
reasonable men and are not amenable to the taking of [judicial] notice.").) 
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Example 12: Bioinformatics 

Specification: The specification discloses a process for identifying and 
selecting biological compounds that are present in a biological system in a 
tissue specific manner. In the disclosed process the expression level of a set 
of compounds is quantitatively determined in multiple tissues within an 
organism. The expression level data is then graphically displayed in such a 
manner that compounds that are differentially expressed are easily 
identified. An artisan interested in identifying a compound that is expressed 
at a high level in one tissue and at a different level in a second tissue may 
easily select compounds that are expressed in a tissue specific manner based 
on the displayed information. The specification indicates that the 
compounds to be detected encompass DNA 5 RNA and proteins as well as 
metabolites. The specification does not provide any particular examples, but 
discloses that the expression levels can be determined by any analytical 
method consistent with the class of compounds being detected. This type of 
measurement requires actual physical steps. 

Claim: 

A computer-implemented method of selecting tissue specific compounds, 
said method comprising the steps of: 

(a) analyzing the expression level of compounds in a first and second tissue 
and obtaining expression level data for each of said compounds; 

(b) inputting the expression level data obtained in step a) into a computer; 
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(c) displaying a first axis corresponding to the expression level of each of 
said compounds in said first tissue; 

(d) displaying a second axis substantially perpendicular to said first axis, said 
second axis corresponding to the expression level data of each of said 
compound in said second sample 

(e) displaying a mark at a position, wherein said position is selected relative 
to said first axis in accordance with an expression level of each of said 
compound in said first sample and relative to said second axis in 
accordance with the expression of said compound in said second sample; 
and 

(f) selecting a compound of interest based on the position of the mark. 
Analysis: 

A review of the full content of the specification indicates that 
obtaining, inputting, and displaying the expression level of compounds is 
essential to the operation of the claimed invention. 

A search of the prior art indicates that obtaining the expression level 
data of compounds is conventional in the art, and that data display devices 
and associated support algorithms are well known in the art. 

A review of the claim indicates that the claim is drawn to a generic 
environment for the display of compounds in a tissue specific manner. 

Since there is no species claimed or disclosed, the claim is analyzed as 
a claim drawn to a single embodiment. There is no actual reduction to 
practice of the claimed invention, or clear depiction of the claimed invention 
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in detailed drawings. However, reading the specification in light of the 
knowledge and level of skill in the art, the specification discloses the 
complete steps of the claimed process. See In re Haves Microcomputer 
Products Inc. Patent Litigation, 982 F2d. 1527, 1534-35, 25 USPQ2d 1241, 
1246 (Fed. Cir. 1992), where the court stated, 

One skilled in the art would know how to program a microprocessor 
to perform the necessary steps desired in the specification. Thus, an 
inventor is not required to describe every detail of his invention. An 
applicant's disclosure obligation varies according to the art to which 
the invention pertains. 

In this fact situation, the art is sufficiently developed so as to put one of skill 
in the art in possession of the complete steps of the process. In other words, 
one skilled in the relevant art would understand what is intended by the 
claimed invention and know how to carry it out. 

Conclusion: There is adequate written description for what is claimed. 
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Example 13: Protein Variant 

Specification: The specification describes a protein isolated from liver. A 
working example shows that the isolated protein was sequenced and 
determined to consist of SEQ ID NO: 3. The isolated protein was 
additionally characterized as being 65 kD in molecular weight and having 
tumor necrosis activity. The specification states that the invention provides 
variants of SEQ ID NO: 3 having one or more amino acid substitutions, 
deletions, insertions and/or additions. No further description of the variants 
is provided. The specification indicates that procedures for making proteins 
with substitutions, deletions, insertions and/or additions are routine in the 
art. The specification does not define when a protein ceases to be a variant 
of SEQ ID NO: 3. 

Claims: 

1 . An isolated protein having SEQ ID NO: 3. 

2. An isolated variant of the protein of claim 1 . 
Analysis: 

Claim 1: 

A search of the prior art indicates that SEQ ID NO: 3 is novel and 
nonobvious. The claim is directed to a genus of proteins that comprise SEQ 
ID NO: 3. One member of the genus, SEQ ID NO: 3, is described by a 
complete structure. 
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There is relatively little variation among the species within the genus 
because each member of the genus shares SEQ ID NO: 3 as a necessary 
common feature. The single disclosed example is representative of the 
claimed genus because taken in view of the general knowledge in the art, the 
disclosure is sufficient to show that one of skill in the art would conclude 
that applicant was in possession of the claimed genus. 

Claim 2: 

This is a genus claim. According to the specification, the term variant 
means a protein having one or more amino acid substitutions, deletions, 
insertions and/or additions made to SEQ ID NO: 3. The specification and 
claim do not indicate what distinguishing attributes shared by the members 
of the genus. The specification and claim do not place any limit on the 
number of amino acid substitutions, deletions, insertions and/or additions 
that may be made to SEQ ID NO: 3. Thus, the scope of the claim includes 
numerous structural variants, and the genus is highly variant because a 
significant number of structural differences between genus members is 
permitted. Although the specification states that these types of changes are 
routinely done in the art, the specification and claim do not provide any 
guidance as to what changes should be made. Structural features that could 
distinguish compounds in the genus from others in the protein class are 
missing from the disclosure. No common structural attributes identify the 
members of the genus. The general knowledge and level of skill in the art 
do not supplement the omitted description because specific, not general, 
guidance is what is needed. Since the disclosure fails to describe the 
common attributes or characteristics that identify members of the genus, and 
because the genus is highly variant, SEQ ID NO: 3 alone is insufficient to 
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describe the genus. One of skill in the art would reasonably conclude that 
the disclosure fails to provide a representative number of species to describe 
the genus. Thus, applicant was not in possession of the claimed genus. 

Conclusions: 

Claim 1: 

The claimed subject matter is adequately described. A rejection under 
the written description requirement should not be entered. 

Claim 2: 

The claimed subject matter is not supported by an adequate written 
description because a representative number of species have not been 
described. A rejection under the written description requirement, relying on 
the analysis set out above, should be entered. 
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Example 14: Product bv Function 

Specification: The specification exemplifies a protein isolated from liver 
that catalyzes the reaction of A - ► B. The isolated protein was sequenced 
and was determined to have the sequence as set forth in SEQ ID NO: 3. The 
specification also contemplates but does not exemplify variants of the 
protein wherein the variant can have any or all of the following: 
substitutions, deletions, insertions and additions. The specification indicates 
that procedures for making proteins with substitutions, deletions, insertions 
and additions is routine in the art and provides an assay for detecting the 
catalytic activity of the protein. 

Claim: 

A protein having SEQ ID NO: 3 and variants thereof that are at least 95% 
identical to SEQ ID NO: 3 and catalyze the reaction of A _^ B. 

Analysis: 

A review of the full content of the specification indicates that a 
protein having SEQ ID NO: 3 or variants having 95% identity to SEQ ID 
NO: 3 and having catalytic activity are essential to the operation of the 
claimed invention. The procedures for making variants of SEQ ID NO: 3 
are conventional in the art and an assay is described which will identify 
other proteins having the claimed catalytic activity. Moreover, procedures 
for making variants of SEQ ID NO: 3 which have 95% identity to SEQ ID 
NO: 3 and retain its activity are conventional in the art. 
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A review of the claim indicates that variants of SEQ ID NO: 3 include 
but are not limited to those variants of SEQ ID NO: 3 with substitutions, 
deletions, insertions and additions; but all variants must possess the specified 
catalytic activity and must have at least 95% identity to the SEQ ID NO: 3. 
Additionally, the claim is drawn to a protein which comprises SEQ ID NO: 
3 or a variant thereof that has 95% identity to SEQ ID NO: 3. In other 
words, the protein claimed may be larger than SEQ ID NO: 3 or its variant 
with 95% identity to SEQ ID NO: 3. It should be noted that "having" is 
open language, equivalent to "comprising". 

The claim has two different generic embodiments, the first being a 
protein which comprises SEQ ID NO: 3 and the second being variants of 
SEQ ID NO: 3. There is a single species disclosed, that species being SEQ 
ID NO: 3. 

A search of the prior art indicates that SEQ ID NO: 3 is novel and 
unobvious. 

There is actual reduction to practice of the single disclosed species. 
The specification indicates that the genus of proteins that must be variants of 
SEQ ID NO: 3 does not have substantial variation since all of the variants 
must possess the specified catalytic activity and must have at least 95% 
identity to the reference sequence, SEQ ID NO: 3. The single species 
disclosed is representative of the genus because all members have at least 
95% structural identity with the reference compound and because of the 
presence of an assay which applicant provided for identifying all of the at 
least 95% identical variants of SEQ ID NO: 3 which are capable of the 
specified catalytic activity. One of skill in the art would conclude that 
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applicant was in possession of the necessary common attributes possessed 
by the members of the genus. 

Conclusion: The disclosure meets the requirements of 35 USC §1 12 first 
paragraph as providing adequate written description for the claimed 
invention. 
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Example 15: Antisense 

Specification: The specification discloses a messenger RNA sequence, SEQ 
ID NO: 1, which encodes human growth hormone. The specification states 
that the invention includes antisense molecules that inhibit the production of 
human growth hormone. The specification describes an art-recognized 
method of screening for antisense molecules that is called "gene walking." 
Gene walking is said to involve obtaining antisense oligonucleotides that are 
complementary to the target sequence. 

Claim: 

An antisense oligonucleotide complementary to a messenger RNA having 
SEQ ID NO: 1 and encoding human growth hormone, wherein said 
oligonucleotide inhibits the production of human growth hormone. 

Analysis: 

A review of the full content of the specification indicates that the 
complement of SEQ ID NO: 1 is essential to the operation of the claimed 
invention. The general knowledge in the art is that any full-length 
complement of a target mRNA inhibits the function of the mRNA and is 
therefore an antisense oligonucleotide. Thus, one of skill in the art would 
view applicant's disclosure of a coding sequence, with the statement that the 
invention includes antisense oligonucleotides, as an implicit disclosure that 
the full-length complement of SEQ ID NO: 1 is an antisense 
oligonucleotide. 
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It is generally accepted in the art that oligonucleotides complementary 
to a messenger RNA, including fragments of the full-length complement, 
have antisense activity when they match accessible regions on the target 
mRNA. Generally, the closer the complementary fragment is to full length, 
the greater the likelihood it will have antisense activity. In addition, oligos 
that retain complementarity to the Shine-Delgarno sequence usually have 
antisense activity. 

The claim is drawn to the genus of antisense molecules that inhibit the 
production of human growth hormone encoded by SEQ ID NO: 1. There is 
a single species described with a complete structure, i.e., the full-length 
complement of SEQ ID NO: 1 . In addition to the full-length complement, 
the genus includes fragments of the complement that retain antisense 
activity. 

The procedures for making oligonucleotide fragments of the SEQ ID 
NO: 1 complement are conventional, e.g., any specified fragment can be 
ordered from a commercial synthesizing service. The procedures for 
screening for antisense activity are also conventional, and the specification 
describes the assay needed to do gene walking. The experience accumulated 
in the art with gene walking is that numerous regions of a target are 
accessible, that these regions are identified routinely, and that antisense 
oligonucleotides are complementary to these accessible regions. The full- 
length complement and longer fragments match multiple accessible regions; 
shorter fragments match fewer accessible regions. 

When considering the distinguishing characteristics of the claimed 
invention, the sequence provided in the specification defines and limits the 
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structure of any effective antisense molecules. The specification also 
teaches the functional characteristics of the claimed invention as well as a 
routine art recognized method of making and screening for the claimed 
invention. Considering the specification's disclosure of: 

(1) the sequence (SEQ ID NO: 1) which defines and limits the 
structure of any effective antisense molecules such that one skilled in the art 
would be able to immediately envisage members of the genus embraced by 
the claim, and 

(2) the functional characteristics of the claimed invention as well as a 
routine art-recognized method of screening for antisense molecules which 
provide further distinguishing characteristics of the claimed invention, along 
with 

(3) the general level of knowledge and skill in the art, 

one skilled in the art would conclude that applicant was in possession of the 
invention. 

Conclusion: The claimed invention is adequately described. 
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Example 16: Antibodies 

Specification: The specification teaches that antigen X has been isolated 
and is useful for detection of HIV infections. The specification teaches 
antigen X as purified by gel filtration and provides characterization of the 
antigen as having a molecular weight of 55 KD. The specification also 
provides a clear protocol by which antigen X was isolated. The specification 
contemplates but does not teach in an example antibodies which specifically 
bind to antigen X and asserts that these antibodies can be used in 
immunoassays to detect HIV. The general knowledge in the art is such that 
antibodies are structurally well characterized. It is well known that all 
mammals produce antibodies and they exist in five isotypes, IgM, IgG, IgD, 
IgA and IgE. Antibodies contain an effector portion which is the constant 
region and a variable region that contains the antigen binding sites in the 
form of complementarity determining regions and the framework regions. 
The sequences of constant regions as well as the variable regions subgroups 
(framework regions) from a variety of species are known and published in 
the art. It is also well known that antibodies can be made against virtually 
any protein. 

Claim: An isolated antibody capable of binding to antigen X. 
Analysis: 

A review of the full content of the specification indicates that 
antibodies which bind to antigen X are essential to the operation of the 
claimed invention. The level of skill and knowledge in the art of antibodies 
at the time of filing was such that production of antibodies against a well- 
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characterized antigen was conventional. This is a mature technology where 
the level of skill is high and advanced. 

The claim is directed to any antibody which is capable of binding to 
antigen X. 

A search of the prior art indicates that antigen X is novel and 
unobvious. 

Considering the routine art-recognized method of making antibodies 
to fully characterized antigens, the well defined structural characteristics for 
the five classes of antibody, the functional characteristics of antibody 
binding, and the fact that the antibody technology is well developed and 
mature, one of skill in the art would have recognized that the spectrum of 
antibodies which bind to antigen X were implicitly disclosed as a result of 
the isolation of antigen X. 

Conclusion: The disclosure meets the requirement under 35 USC 1 12 first 
paragraph as providing an adequate written description of the claimed 
invention. 
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Example 17: Genus-species with widely varying species 

Specification: The specification discloses the rat cDNA sequences for 
proinsulin and pre-proinsulin and a method for determining the 
corresponding human and other mammalian insulin cDNA sequences. 
However, the specification does not disclose any actual cDNA sequence 
other than the rat proinsulin and pre-proinsulin sequence. The specification 
discloses that one human proinsulin amino acid (but not cDNA) sequence 
was known at the time of filing. The art recognized that the sequence of 
human insulin proteins, and therefore also cDNAs 5 would probably vary 
among individuals. The specification also discloses that pre-proinsulin is 
post trans lationally modified to form proinsulin, and that proinsulin is 
cleaved to form insulin. 

Claims: 

Claim 1. An isolated mammalian cDNA encoding insulin. 

Claim 2. The isolated cDNA of claim 1 wherein the mammalian cDNA is 
human. 

Analysis: The examiner should analyze claim 2 first because it is drawn to 
a subgenus of the genus of claim 1 . 
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Claim 2: 

A review of the full content of the specification indicates that human 
cDNA molecules that encode insulin are essential to the operation/function 
of the invention. 

Claim 2 is directed to a genus of human cDNA which encodes insulin. 

There is no species of human insulin cDNA disclosed. 

Based upon art published after applicant's filing date there is expected 
to be variation among the species of cDNA which encode human insulin 
because the sequence of human insulin proteins, and therefore also human 
insulin cDNAs, would be expected to vary among individuals. 

The specification discloses only the sequence of a single human 
proinsulin protein, and does not disclose any human cDNA sequence at all. 

In addition, there is no evidence on the record of a relationship 
between the structure of rat insulin cDNA and the structure of insulin 
cDNAs from humans or other mammals that would provide any reliable 
information about the structure of other insulin cDNAs on the basis of the rat 
insulin cDNA. 

There is no evidence on the record that the disclosed rat cDNA 
proinsulin sequence had a known structural relationship to the human cDNA 
sequence, or to other mammalian cDNA sequences; the specification 
discloses only a single human proinsulin (protein) sequence; the art 
indicated that human proinsulin proteins were expected to be variable in 
structure; and there is expected to be variation among human cDNAs that 
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encode a given human proinsulin. In view of the these considerations, a 
person of skill in the art would not have viewed the teachings of the 
specification as sufficient to show that the applicant was in possession of the 
claimed human cDNA. 

Claim 1: 

Claim 1 is directed to a genus of mammalian cDNAs which encode 
insulin. The specification evidences actual reduction to practice of the rat 
cDNA sequences for proinsulin and preproinsulin, but does not disclose any 
other cDNA sequences. The art indicates that there is likely to be substantial 
variation among the species within the genus of cDNAs that encode 
mammalian insulins because the sequences of the mammalian insulin 
proteins, and therefore the mammalian cDNAs, would be expected to vary 
among species. 

The specification discloses a method for determining the 
corresponding human and other mammalian insulin cDNA sequences as well 
as the function of the claimed sequences. However, neither the specification 
nor the general knowledge of those skilled in the art provide evidence of any 
partial structure which would be expected to be common to the members of 
the genus. Moreover, there is post filing date evidence that indicates that 
there is a lack of a structural relationship between the rat insulin cDNA 
sequences and other mammalian insulin cDNA sequences. In view of the 
above considerations one of skill in the art would not recognize that 
applicant was in possession of the necessary common features or attributes 
possessed by members of the genus, because rat cDNA sequences are not 
representative of the claimed genus. Consequently, since applicant was in 
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possession only of the rat insulin cDNA and since the art recognized 
variation among the species of the genus of cDNAs that encode mammalian 
insulin, the rat insulin cDNA was not representative of the claimed genus. 
Therefore, the applicant was not in possession of the genus of mammalian 
insulin cDNAs as encompassed by claim 1 . 

Conclusion: 

Claims 1 and 2 do not meet the written description requirement. 
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Example 18: Process claim where the novelty is in the method steps. 

Specification: The specification teaches a method for producing proteins 
using mitochondria from the fungus Neurospora crassa. In the method, 
mitochondria are isolated from this fungus and transformed with a 
mitochondrial expression vector which comprises a nucleic acid encoding a 
protein of interest. The protein is subsequently expressed, the mitochondria 
is lysed, and the protein is isolated. The specification exemplifies the 
expression of 0-galactosidase using the claimed method using a cytochrome 
oxidase promoter. 

Claim: 

1 . A method of producing a protein of interest comprising; 
obtaining Neurospora crassa mitochondria, 

transforming said mitochondria with a expression vector comprising a 
nucleic acid that encodes said protein of interest, 

expressing said protein in said mitochondria, and 

recovering said protein of interest. 

Analysis: 

A review of the specification reveals that Neurospora crassa 
mitochondrial gene expression is essential to the function/operation of the 
claimed invention. A particular nucleic acid is not essential to the claimed 
invention. 

A search of the prior art reveals that the claimed method of expression 
in Neurospora crassa is novel and unobvious. 



65 



The claim is drawn to a genus, i.e., any of a variety of methods that 
can be used for expressing protein in the mitochondria. 

There is actual reduction to practice of a single embodiment, i.e., the 
expression of p-galactosidase. 

The art indicates that there is no substantial variation within the genus 
because there are a limited number of ways to practice the process steps of 
the claimed invention. 

The single embodiment is representative of the genus based on the 
disclosure of Neurospora crassa mitochondria as a gene expression system, 
considered along with the level of skill and knowledge in the gene 
expression art. One of skill in the art would recognize that applicant was in 
possession of all of the various expression methods necessary to practice the 
claimed invention. 

Conclusion: 

The claimed invention is adequately described. 
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